THE 
EMPIRE JOURNAL OF 


EXPERIMENTAL 
AGRICULTURE 


VOL. XXIX NO. 115 JULY 1961 


CONTENTS 


N. R. Brockington: The Growth, 
Twelve Cultivated Grasses in Northern Rhodesia 


L. C. Chapas : 
Experiments . 


B. Van Graan, Jnr. Joubert : 
in Afrikaner Cattle . 


T. B. Miller: 
Nigeria. I... 


R. K. Djokoto and D. Stephens : Thirty Long-Term Fertilizer 
Experiments Under Continuous Cropping in Ghana. II. ‘ 


J.H. Leigh: The Bfecs of Panting Distance on Production in 
Lovegrass Pastures . 


J. H. Leigh : 
Grown as Spaced Plants and in Broadcast Stands . 


H. C. Pereira, tad “Sera Country The Pro- 
ductivity of Tropical Semi-Ari orn- ntry under In- 
ing With Plates 10, 11 


OXFORD 
AT THE CLARENDON PRESS: 1961 


PRINTED IN GREAT BRITAIN BY VIVIAN RIDLER AT THE UNIVERSITY PRESS, OKFORD 


\ 
; 
197 
‘ 
| 
212 
of Pregnancy 
220 
245 
bit ~ 
265 
4 
~ 
‘ 
ir 


EDITORIAL BOARD OF THE EMPIRE JOURNAL OF 
EXPERIMENTAL AGRICULTURE 


Sir BE. J. RUSSELL, Campsfield Wood, Woodstock, Oxfordshire (Chairman). 
a Dr. BE. E. CHEESMAN, Agricultural Research Council, 15 Regent Street, London, S.W. 1. 
an Sir J. B. HUTCHINSON, School of Agriculture, Cambridge. 
Sir G. W. NYE, Colonial Lenton, 
r Dr. G. WATTS PADWICK, Plant Protection Ltd., Fernhurst, near Haslemere, 


D. RHIND, Colonial Office, Senctuary Buildings, Great Smith Street, London, S.W. 1. 
Sir J. A. SCOTT WATSON, 4 Sheldon Avenue, London, N. 6. 
above 


Aaa Dr. M. F, CHANDRARATNA, Dept. of Agriculture, Peradeniya, Ceylon. 
i Sir G. F. CLAY, Malayan Rubber Fund, P.O. Box 2073, Kuala Lumpur, Malaya. 
Dr. D. P. CUTHBERTSON, Rowett Research Institute, 


i cs Dr. C. H. GOULDEN, Central Experimental Farm, Ottawa, 
Dr. W. M. HAMILTON, Dept. Scientific and Industrial Research, Wellington, C. 1, New Zealand. 
Sir J, HAMMOND, School of Agriculture, Cambridge. 
re Dr. P. S. HUDSON, Commonwealth Bureau of Plant Breeding and Genetics, Cambridge. 
a G. V. JACKS, Commonwealth Bureau of Harpenden, Herts. 


J. LAMB, Agricultural Research Council, 15 Regent Street, London, S.W.1. 
Dr. A. H. LEWIS, Jealott’s Hill Research Station, 
on Dr. J. MELVILLE, Waite Agricultural Research Institute, Adelaide, S. Australia. 
a Dr. B. P. PAL, Indian Agricultural Research Institute, New Delhi. 


Prof. 8. J. du oe Dept. of Agricultural Technical Services, Private Bag 116, Pretoria, 
Union of South Af: 


Dr. Baws RUSSELL, C, Bast African Agricultural and Forestry Research Organization, P.O. 
21, Kikuyu, 5 
ee Prof. P. T. T. THOMAS, Welsh Plant Breeding Station, Aberystwyth. 
sat Dr. F. R. TUBBS, Horticultural Research Station, East Malling, Kent. 
yan Prof. STEPHEN WATSON, Dept. of Agriculture, Edinburgh University. 
Dr. F. YATES, Rothamsted Experimental Station, Harpenden, Herts. 


Secretary and General Editor 
ae pc* H. J. PAGE, Max Gate, Hurst Green, E. Sussex. 


NOTICE TO CONTRIBUTORS 


Gate, Hurst Green, E. Sussex, but authors residing overseas should, 

where possibile, send their papers through the local member of the Editorial Board ; they should 

Authors are asked to submit their papers, finished in all details, in typescript with 

double-line spacing, and with ample margins. bok, 


cee! alterations in the proof (printer's errors excepted), and contributors will be responsible for any 
The address to which proofs are to De sent should be written on the paper and, when return- 

; ing corrected proofs to the Editor, authors should state whether they desire to purchase additional 
4 offprints. Twenty-five offprints are allowed free of charge. 

a subscriptions should 
roe SUBSCRIPTION FOR FOUR CONSECUTIVE NUMBERS 45s. POST FREE; 
=. SINGLE NUMBERS net 


the Declaration may be obtained from the offices of the Royal Society upon application. 


— 


x 
eS ; M, A. A. ANSARI, Pakistan Central Cotton Committee, New Queens Road, Karachi, 1. a 
Prof. R. G. BASKETT, National Institute for Research in Dairying, Shinfield, nr. Reading. ae 
Prof. G. E. BLACKMAN, Dept. of Agriculture, Oxford. ‘i 
ps 
Dr. H. P. DONALD, Ani 
Dr. W. L. FIELDING, 
F tering inserted in pencil. Their order and approximate position in the text should be marked. Ms : 
4 The length of papers, including tabular matter and illustrations, should not exceed the equivalent . 


Gunn-Bellani 
radiation 
integrator 


The thermal efficiency of the century-old Bellani instrument 
has been improved by Gunn, Kirk & Waterhouse, and later 
by Pereira, from 4% to over 75%. The instrument has extensive 
applications in meteorology, agriculture, irrigation, micro- 
climatology and biophysics. Baird & Tatlock (London) Ltd., 
offer it in two forms—without condenser (as illustrated), which 
is recommended for replicated field experiments; and with 
condenser where the highest available accuracy is required. 

Their moderate price enables adequate numbers to be used, 
over a catchment area for example, thus providing an essential 
link between expensive recording thermopiles and the simple 
meteorological records taken at out-stations. 


Write for Technical Leaflet No. T86, which 
describes the instrument and gives the results of extensive 
comparisons with other instruments 


ar complete laboratory service 


BAIRD TATLOCK (LONDON) LTD., CHADWELL HEATH, ESSEX, ENGLAND 
Branches in London, Manchester, Glasgow. Agents throughout U.K. and all over the world 


fi 
> 
ry 
7 
} 
; 
5 
f 
= 3 
TAS/BT.49 
[1 front} 
7 


EDITORIAL BOARD OF THE EMPIRE JOURNAL OF 
EXPERIMENTAL AGRICULTURE 


Dr. E. CHEESMAN, Agricultural Research te 8.7. 1. 
Sir J. B. HUTCHINSON, School of Agriculture, Cambridge. 

Sir G. W. NYE, Colonial Office, 
Dr. G. WATTS PADWICK, Plant Protection Ltd., Fernhurst, near Haslemere, 

D. RHIND, Colonial Office, Sanctuary Buildings, Great Smith Street, London, 8.W. . 
Sir J. A. SCOTT WATSON, 4 Sheldon Avenue, London, N. 6 


(The above constitute the Executive 
M. A. A. ANSARI, Pakistan Central Cotton Committee, New Queens Road, Karachi, 1 
Prof. R. G. BASKETT, National Institute for Research in Shinfield, nr. 
Prof. G. E. BLACKMAN, Agriculture, 


Dept. of 
Dr. M. F. CHANDRARATNA, Dept. of Agriculture, Peradeniya, Ceylon. 
Sir G. F. CLAY, Malayan Rubber Fund, P.O. Box 2073, Kuala Lumpur, Malaya. 
Dr. D. P. CUTHBERTSON, Rowett Research Institute, Aberdeen. 


Dr. J. MELVILLE, Waite Agricultural Research Institute, Adelaide, S. Australia. 
Dr. B. P. PAL, Indian Agricultural Research Institute, New Delhi. 


J.du PLESSIS, of 
Dept. of Agricultural Technical Services, Private Bag 116, Pretoria, 


Dr. E. W. RUSSELL, East African Agricultural and Forestry Research Organization, P.O. 
Box 21, Kikuyu, 

Prof. P. T. T. THOMAS, Weish Plant Breeding Station, Aberystwyth. 

Dr. F. R. TUBBS, Horticultural Research Station, East Malling, Kent. 

Prof. STEPHEN WATSON, Dept. of Agriculture, Edinburgh + gua 

Dr. F. YATES, Rothamsted 


Secretary and General Editor 
3: Bac Gare, Han Green, Sussex. 


NOTICE TO CONTRIBUTORS 


Papers submitted for insertion and all communications other than subscriptions should be sent 
H. J. Page, Max Gate, Hurst Green, E. Suseex, but authors residing overseas should, 
where possibile, send their papers through the local member of the Editorial Board ; they should 
Authors are asked to submit their papers, finished in all details, in typescript with 
double-line spacing, and with ample margins. Illustrations should if possibile be drawn, about 
twice the size of the finished block, on smooth, white Bristol board in Indian ink, with marginal 


ing corrected preols to the Editor, authors should state whether they desire to purchase additional 
offprints. Twenty-five offprints are allowed free of charge. 


Warwick Square, London, E.C. 4, to whom subscriptions should 


GUBSORIPTION FOR FOUR CONSECUTIVE NUMBERS POST FREE; 
INGLE NUMBERS 14s. net 


wpaigts ag ete signatories to the Fair Copying Declaration in respect of this journal. Details of 
the Declaration may be obtained from the offices of the Royal Society upon application. 


ag ee: 
ink 
ae Dr. H. P. DONALD, Animal Breeding Research Organization, Edinburgh 9. ait 
vacaland. 
a Dr. C, H. GOULDEN, Central Experimental Farm, Ottawa, Canada. a 
’ Dr. W. M. HAMILTON, Dept. Scientific and Industrial Research, Wellington, C. 1, New Zealand. tae 
ie Sir J. HAMMOND, School of Agriculture, Cambridge. ne 
Dr. P. 8. HUDSON, Commonwealth Bureau of Plant Breeding and Genetics, Cambridge. ae 
3 G. V. JACKS, Commonwealth Bureau of Soils, Harpenden, Herts. se 
ES J. LAMB, Agricultural Research Council, rs Regent Street, London, S.W.1. ie 
» ae Dr. A. H. LEWIS, Jealott’s Hill Research Station, Bracknell, Berks. 
ss | 2 lettering inserted in pencil. Their order and approximate position in the text should be marked. ang 
" The length of papers, including tabular matter and illustrations, should not exceed the equivalent a 
: of 5,000 words. An allowance at the rate of ten shillings per sheet of sixteen pages is made for Bt 
A 


Gunn-Bellani 
radiation 
integrator 


The thermal efficiency of the century-old Bellani instrument 
has been improved by Gunn, Kirk & Waterhouse, and later 
by Pereira, from 4% to over 75%. The instrument has extensive 
applications in meteorology, agriculture, irrigation, micro- 
climatology and biophysics. Baird & Tatlock (London) Ltd., 
offer it in two forms—without condenser (as illustrated), which 
is recommended for replicated field experiments; and with 
condenser where the highest available accuracy is required. 

Their moderate price enables adequate numbers to be used, 
over a catchment area for example, thus providing an essential 
link between expensive recording thermopiles and the simple 
meteorological records taken at out-stations. 


Write for Technical Leaflet No. T86, which 
describes the instrument and gives the results of extensive 
comparisons with other instruments 


wy complete laboratory service 


BAIRD TATLOCK (LONDON) LTD., CHADWELL HEATH, ESSEX, ENGLAND 
Branches in London, Manchester, Glasgow. Agents throughout U.K. and all over the world 


| 
i ‘i 
| 5 
| 
| 
i 
4 4 
F ? 
2 
Ei 
=: 
4 
; 
P 
; 
ig 
36. 
< | 
TAS/BT.49 
ifr 


TROPICAL 
AGRICULTURE 


The Journal of the 

Imperial College of Tropical Agriculture 
and 

Faculty of Agriculture, University College 

of the West Indies 


General Editor: G. B. MASEFIELD, sM.A., A.1.C.T.A. 
Department of Agriculture, University of Oxford 


JULY 1961 


The Chemical Composition of Leaves and Whole Plant as an indicator of the 
range of available nutriants for selective grazing by cattle. 
C. D. Juko and R. M. Bredon 


Studies of Angola Grass at the I.C.T.A., auank Il. The Digestibility of 


Angola Grass at various stages of growth. H. Butterworth 
Yield and the Spacing of Tea. D. H. Laycock 

be Chemical Control on Transport and Storage Diseases of Bananas 
D. S. Meredith 

a Root Modulation and Agricultural Potential of the Leguminous Genus 

Psophocarpus. G. B. Masefield 

‘ Nucleant in balance in sugar-cane as revealed by foliar analysis. 
R. C. M. Jack 
o Transplanting Papaya versus Seeding in place. A. H. Langer 
Cacao Virus in Trinidad. J. T. Suabrick 
Oecophylla Longinoda Latr. (Formicidae) and its associations with Coccus 
Lesperidum L. (Coccidae) in Northern Nigeria. R. H. Booker 
be Effect of Staking and Pruning of full-grown indeterminate Tomatoes in 
Trinidad. J. S. Campbell 


Annual Subscription 50s. ($7.00) post free 
Single issues price 12s. 6d. post free 


A Quarterly Publication from 
BUTTERWORTHS 


88 Kingsway, London WC2, in association with 
THE UNIVERSITY COLLEGE OF THE WEST INDIES 


4 
4 4 
af 
ty 
be 
{a} 


ANIMAL PRODUCTION 


JOURNAL OF THE BRITISH SOCIETY OF ANIMAL PRODUCTION 


Contents of Volume 3, Part II, June 1961 


BELLIS, D. B., and TAYLOR, J. Nutritional factors in lean meat production 
of pigs. 

CHAMBERS, D. T. Effect of two meal supplements on calves receiving autumn 
grass. 

COSTAIN, R. A., and MORGAN, J. T. Effect of the energy and protein status 
of the diet on productive efficiency in the pig. 

CUNNINGHAM, J. M. M., EDWARDS, R. A., and SIMPSON, M. Rearing 
lambs on a synthetic diet. 

DUNIEC, H., KIELANOWSKI, J., and OSINSKA, ZOFIA. Heritability of 
chemical fat in the loin muscle of baconers. 

GAHNE, BO. Transferrins in serum and milk of Swedish cattle. 

HANCOCK, J. L., and HOVELL, G. J. R. Effect of semen volume and sperm 
number on fertility of intra-uterine inseminations of pigs. 

HARRINGTON, G., and POMEROY, R. W. Yields of cuts from Wiltshire 
bacon sides related to length and carcass measurements. 

LATHAM, J. O., and ROGERS, C. Influence of breed and sex on carcass 
characters of beef cattle. 

LODGE, G. A., MCDONALD, I., and MACPHERSON, R. M. Relative in- 
fluence of birth weight and creep-feed on 3- and 8-week weights of pigs. 
LUCAS, I. A. M., LIVINGSTON, R. M., and McDONALD, I. Copper sul- 

phate as a growth stimulant for pigs: effect of level and purity. 
SHORTHOSE, W. R., and LAMMING, G. E. Effect of different oestrogens and 
oestradiol plus progesterone on growth and carcass of hoggets. 
WHITELAW, F. A., PRESTON, T. R., and NDUMBE, R. D. Nutrition of the 
early-weaned calf (I). 


WHITELAW, F. A., PRESTON, T. R., and DAWSON, A. S. Nutrition of the 
early-weaned calf (II). 


THIS Journal is a continuation and expansion of the Proceedings of the British 
Society of Animal Production (1944-58), and appears three times a year in 
February, June, and October. The annual subscription is 45s. ($7.50 in u.s.a. and 
CANADA), single parts 17s. 6d. ($2.75 in U.S.A. and CANADA) net. Orders and 
subscriptions should be sent to:— 


OLIVER AND BOYD, LTD. 


Tweeddale Court, 14 High Street, Edinburgh, | 


\ 
RY 
\ 
g | 
al 
| 
4 
; 


[4] 


CROP SCIENCE 


Crop breeders, plant geneticists and physiologists, and workers 
in related areas will find CROP SCIENCE a source of valuable 
articles in the more technical aspects of agronomy. This new, bi- 
monthly journal alternates with AGRONOMY JOURNAL, and 
carries reports of research in the genetics, physiology, ecology, 
breeding and management of field crops, turfgrasses, pastures and 
ranges, and in seed technology. It is published by the Crop Science 
Society of America. 

$12 per year in U.S. and Canada 
$13 per year elsewhere 


AMERICAN SOCIETY OF AGRONOMY 


2702 Monroe Street 
Madison 5, Wisconsin, U.S.A. 


« 
4 
AS 
& 


THE JOURNAL OF 
THE BRITISH GRASSLAND SOCIETY 


A medium for the publication of the results of research and 
practical experience in the realm of Grassland Husbandry 


Editor: A. G. G. HILL 


CONTENTS OF VOLUME XVI. No. 2. JUNE 1961 
INCLUDE 
yo Grassland Society in the world of tomorrow. By William 
vies. 
The effect of urine and its its on the b ical position and 
production of a grass/clover s sward. By E. J. Mundy. 
The relative palatability of various varieties ud Sas lovegrass 
(Eragrostis curvula (Schrad) Nees). By J. H. Leigh 
The effect of the timing of i nitrate dressings on the heading 
of S48 timothy (Phieum pratense .). By J. L. Stoddart. 
The production of early spring grass. 2. The effect of autumn mana 
ment and nitrogenous manuring on the production of early spring 
from different sites throughout England and Wales. By H. K. 
er, J. R. A. Chard and D. G. Jenkins. 


Published quarterly. Subscription, Vol. 1, 15 ation, or $2; Vols. 2-12, po citings, 
wa po Subscription, thereafter, 40 shillings or $5.60 per volume. 
Articles for pene should be sent to: A. G. G. Hill, Editor, Journal of the British Grassland 
Society, c/o Commonwealth Bureau of Pastures and Field Crops, Hurley, Berks, England 


Orders to: The Secretary, British Grassland Society, 
c/o Grassland Research Institute, Hurley, Berks, England. 


AGRONOMY JOURNAL 


This official organ of the American Society of Agronomy is now 
a bimonthly publication of up-to-date reports of general agronomic 
research. (It alternates with CROP SCIENCE, which carries reports 
of a more technical nature in crop breeding, genetics, and physio- 
logy.) Workers in the fields of forages and pastures, crop improve- 
ment, cultural practices, soil fertility, and allied areas of investigation 
will find articles of lasting interest in AGRONOMY JOURNAL. 
Publication is open to members of the American Society of 
Agronomy. 

$12 per year in U.S. and Canada 
$13 per year elsewhere 


AMERICAN SOCIETY OF AGRONOMY 


2702 Monroe Street 
Madison 5, Wisconsin, U.S.A. 


| 
2 
4 
; 4 
3 
; 
be 
= 


For further information consult your Shell Company. 


Grape (gré'p): prob. f. OF. graper to gather 
with a vine hook, f. grape hook. Genus Vitis 

of family Vitaceae, of which oldest, most cultivated 
species is V. vinifera. 1. Prob. derived f. 

Caspian Sea area, thence to Asia Minor, Greece, 
Sicily. Intro. to France by Phoenicians 

circa 600 B.C. 2. Seriously attacked by many 
pests including insects and nematodes. 

Needs protection up to harvest. 3. During critical 
close-to-harvest period Phosdrin is the 

only insecticide usable without harmful residues. 
4. Against pests of vine Shell pesticides 
Phosdrin, aldrin, dieldrin and Nemagon offer 


greatest protection. P h os d ri | ae 
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THE GROWTH, YIELD, AND PROTEIN CONTENT OF 
TWELVE CULTIVATED GRASSES IN NORTHERN 
RHODESIA 


N. R. BROCKINGTON 
(Central Research Station, Mount Makulu, Northern Rhodesia) 


Summary 


The behaviour of twelve cultivated grasses in Northern Rhodesia with suc- 
cessional and successive cutting is described. The uninterrupted growth cycles 
are shown to be partly independent of environmental conditions; adaptation, as 
measured by degree of persistence, partly depends on the extent to which the 
growth pattern is fitted to the annual cycle of climatic changes. Percentage of 
crude protein in the herbage is inversely related to maturity, and high values 
may be maintained throughout the growing season by repeated defoliation. The 
maintenance of a high protein content in this manner is at the expense of dry- 
matter yield. 


In the evaluation of cultivated grasses for use in leys in the central 
region of Northern Rhodesia, qualitative appraisal of a large number of 
introductions in small plots is followed by a preliminary quantitative 
assessment of growth potential and of quality as measured by chemical 
composition. This preliminary quantitative assessment is designed to 
select a small number for more detailed investigation of yield, palat- 
ability, digestibility, and potential for animal production, in grazing trials. 
The present account deals with the first quantitative evaluation of twelve 
of the more promising species and strains which have so far been tested 
in this manner. It should be emphasized that the data presented below 
represent only one of a series of stages in the evaluation of cultivated 
grasses for the region. 


Soil Experimental 


The soil of the experimental site is typical of the fertile clays and clay- 
loams which constitute Trapnell’s Upper Valley Group [ . It had a 
depth of 4 to 6 feet overlying limestone and appeared to be freely drained 


TABLE 1. Analysis of Soil Samples from the Site of the Experiment 


Coarse Fine 
Depth sand sand Clay Percentage 
in. % % 9 9 9 saturation 


os . 18-7 9° 
7-13 6: 
20-29 13°2 


throughout the profile. The dark reddish-brown clay-loam of the top 
4 to 5 inches passed into a clay with a more pronounced red coloration; 
both topsoil and subsoil had a sub-angular, blocky structure. The 
results of soil analyses are shown in Table 1. 
(Empire Journ. of Exper. Agric., Vol. 29, No. 115, 1961.) 

3088.3 
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Climate 

A marked division into wet and dry seasons is a dominant feature of 
the climate, with 31-6 inches of the mean annual precipitation of 32-9 
inches occurring in the summer months of November to March in- 
clusive. Intense tropical storms interspersed with periods of bright sun- 
shine are characteristic of the rainy season, and distribution of rainfall 
within the period November to March is variable. During the first 
twelve months of the experiment from November 1956 to October 1957 


TABLE 2. Times and Methods of Establishment 


Date of 
Grass sowing or 
number Species and variety planting Method 
I . | Cenchrus ciliaris, Erect form, K.5148, | 30.11.56 | Planted 
ex Kitale, Kenya 
2 . | Cenchrus ciliaris, Low form, K.53270, | 5.12.56 | Planted 
ex Kitale, Kenya 
3 en gayana, Var. Giant Rhodes | 6.12.56 | Sownat 20 lb. per acre 
rass 
4 Chloris gayana, Var. Katambora 6.12.56 | Sown at 20 lb. per acre 
Rhodes Grass 
5 Cynodon dactylon, Coastal Bermuda | 29.11.56 | Planted 
Grass, ex U.S.A. 
6 Cynodon plectostachyon, Star Grass, | 12.12.56 | Planted 
ex Kenya 
7 Eragrostis curvula, Weeping Love- | 7.12.56 | Sown at 6 lb. per acre 
grass, Ermelo Strain 
8 Eragrostis curvula, Weeping Love- | 7.12.56 | Sown at 6 lb. per acre 
grass, Witbank Strain 
9 Melinis minutiflora, Molasses Grass, | 7.12.56 | Sownat 1s lb. per acre 
ex Kenya 
10 . | Panicum coloratum, Var. Bambatsi | 7.12.56 | Sownat 1s lb. peracre 
Panicum 
11 . | Panicum coloratum, Var. Makarikari | 11.12.56 | Planted 
Panicum 
12 . | Setaria sphacelata, Var. Kazengula | 6.12.56 Sown at 50 Ib. per 
Setaria acre* 


* 2 per cent. germination in laboratory test. 


the total rainfall was 29-4 inches, with above-average falls in November 
and December but ie slightly more than half the mean figure of 9-1 
inches in January. Total rainfall in the second twelve months was 33-1 
inches, with November and March totals below average and those for 
December, January, and February above the mean figures for those 
months. 

Mean maximum temperatures during the wet season range from 
84° F. in November to 78° F. in February; mean minimum temperatures 
during this period are between 62 and 64° F. With the onset of the dry 
season, temperatures fall and July has a mean maximum of 73° F. and a 
mean minimum of 49° F. Ground frosts are occasionally recorded in 
low-lying areas during June and July. Temperatures rise during the 


) 
if 
= 
3 
af 
‘ 
« 


GROWTH AND YIELD OF GRASSES IN N. RHODESIA 199 
_ August to October and the latter month has a mean maximum of 
8° F. 


Establishment and fertilizer dressings 


Table 2 shows the dates and methods of establishment of the twelve 
rasses. In the sown grasses the rows were 1 foot apart, and those estab- 
ished from cuttings were planted with a spacing of 1 ft. by 1 ft. 
Annual dressings of single superphosphate at 400 lb. per acre and 
muriate of potash at 150 lb. per acre were given; in the establishment year 
these fertilizers were incorporated in the seed-bed, and in the second 
year they were broadcast with the first rains. Ammonium sulphate was 
given at 300 lb. per acre per annum, in two dressings of 150 lb. per acre; 
in the establishment year the two dressings were given at emergence and 
six weeks later, and in the second year the interval between dressings 
was again six weeks but the first application was made at the start of the 
rains. 


Layout and recordings 


Unreplicated plots of 1/53 acre were used, and each plot was divided 
into three sections which were used to study the uninterrupted growth 
cycles, and reaction to repeated cutting at ‘grazing’ and ‘hay’ stages. 
A series of sample strips cut in succession at intervals of two weeks 
— the wet season and four weeks during the dry season represented 
growth up to each cutting date. These cuttings were used, together with 

henological observations both on the cutting dates and in the intervals 
Gorman them, to build up a picture of the uninterrupted annual growth 
cycle over the two years of the experiment. In the sections of each plot 
devoted to the investigation of cutting at ‘grazing’ and ‘hay’ stages sub- 
plots with an effective area of 16 sq. yds. were cut each time they 
reached the predetermined growth stage. ‘Grazing’ stage was taken as 
that stage when there was sufficient bulk of herbage to warrant grazin 
but before development had proceeded so far that the emphasis ha 
switched from leaf to stem production. ‘Hay’ stage was chen as the 
seo in development where near-maximal bulk of herbage was available 

ut before flowering was well advanced. Both these cutting régimes in- 
volved subjective judgement, but care was taken that within the limits of 
estimation cuts were taken at similar stages in the development of the 
various grasses. 


Uninterrupted growth (see pp. 205-11) 

Figs. 1-12 illustrate the uninterrupted growth cycles of the different 
grasses in terms of fresh and dry-weight changes and Figs. 13-24 show 
the corresponding variation in percentage crude protein on a dry- 
matter basis, and yield of crude protein. All the sub-plots were cut down 
and the herbage removed at the end of the first dry season in October 
1959; the graphs are accordingly divided into two sections, the first 
relating to the period from establishment to October 1957, and the 
second from November 1957 to October 1958. 

For convenience of description the annual growth cycles may be 
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divided into three phases, initial vegetative growth, flowering and seeding, 
and renewed vegetative growth. 

Initial vegetative growth. All the grasses made the greater part of their 
aerial growth for the year during this phase. In the middle period of the 
phase, when —_— was most rapid, increase in fresh weight commonly 
outstripped dry-matter accumulation, and percentage dry matter fell 
off, but in the later stages this trend was reversed and the proportion of 
dry matter in the herbage again rose. The last part of the initial vege- 
tative phase commonly overlapped the first stages of the flowering and 
seeding phase in time, and as flowering began the curve of percentage 
crude protein showed a pronounced flattening after the steep decline in 
the first stages of vegetative development. In all grasses the initial fall 
in percentage crude protein was more than balanced by dry-matter 
accumulation with the result that calculated yield of protein rose steadily 
throughout the first vegetative growth phase. 

There was considerable variation between grasses in the time when 
active vegetative growth started and in the duration of this phase. The 
establishment of the grasses in the first year resulted in later develop- 
ment compared with the second year and the necessarily arbitrary re- 
moval of the herbage from the plots at the end of October 1957 also 
partly obscured the natural growth cycles, in that the grasses which had 
made some new growth prior to that date were penalized in respect of 
their second-year growth. However, by taking the field observations in 
conjunction with the yield data it was apparent that the two strains of 
Cenchrus ciliaris (Table 2, nos. 1 and 2) and both varieties of Panicum 
coloratum (Table 2, nos. 10 and 11) could be classed as ‘early’ grasses, 
with some growth in September and October prior to the onset of the 
main rains, and rapid growth in the first part of the wet season cul- 
minating in flowering early in January. A number of other grasses, such 
as Katambora Rhodes Grass (Table 2, no. 4) and the Witbank strain of 
Eragrostis curvula (‘Table 2, no. 8) made little growth before the wet 
season proper but completed their first vegetative growth in a shorter 
period than such types as Giant Rhodes Grass (Table 2, no. ;). The out- 
standing example of a prolonged vegetative phase of development was 
Melinis minutiflora (Table 2, no. 9) which did not flower until the middle 
of the dry season. 

Flowering and seeding. Fresh and dry weights normally continued to 
rise during the first part of the flowering period but weight gains ceased 
as the alk was shed. Percentage crude protein, which tended to remain 
static in the early flowering period again declined as the seed was shed. 
The recorded yields of crude protein varied erratically during the flower- 
ing and seeding pw but commonly the first and largest peak for the 
year was attained during this period. 

Times of flowering and seeding varied widely among the grasses 
studied, and Cynodon plectostachyon (Table 2, no. 6) was remarkable for 
flowering twice in the second year of the study. Both species of Cynodon 
were also notable for having indefinite flowering we seeding phases; 
these ill-defined periods of flowering and seeding were associated with a 
more or less continuous cycle of initiation and replacement of aerial 
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stems in contrast to the distinct crops of shoots characteristic of the 
other grasses. 

In certain cases time of flowering appeared to be related to degree of 
persistence: early flowering being associated with good persistence. An 
extreme example of this apparent relationship was afforded by Melinis 
minutiflora where only some 60 per cent. of the plants survived the 
second dry season; again in the case of the Ermelo and Witbank strains 
of Eragrostis curvula the latter flowered earlier and its persistence was 
some Io per cent. better than the Ermelo strain. 

Renewed vegetative growth. With the exception of Melinis minutiflora 
all the grasses showed some further vegetative growth after the flowerin 
and seeding phase. This renewed vegetative development was reflecte 
in dry-matter increases and gains in yield of crude protein but changes in 
percentage crude protein were normally small because of the dilution 
effect from the large mass of plant material remaining from the first 
vegetative growth. 

he two Cynodon species conformed to this general pattern in that 
active vegetative growth continued after flowering and seeding but 
differed from the remaining grasses in having no marked ‘crop’ of new 
shoots but a continuation of the indeterminate type of growth which was 
characteristic of their earlier development. The distinct flushes of re- 
newed vegetative activity in the other grasses were not coincident in time 
and appeared to be conditioned more by the internal growth rhythm of the 
plants than by seasonal changes in the environment. A simple apical 


dominance relationship may exist in these latter types but the behaviour 
of the Cynodon species appears more complex. 


Cutting at ‘grazing’ and ‘hay’ stages 

Yields of dry matter and crude protein, and percentage of crude protein 
on a dry-matter basis, with successive cutting, are given in Tables 3 and 4. 

There was considerable variation in the yield figures not only between 
grasses and seasons but between the succeeding cuts from individual 
— This latter variation may be ascribed partly to the errors in- 

erent in subjective assessment of growth stage and partly to variation 
in growth habit at different seasons of the year, e.g. some of the grasses 
tended to produce flowers on very short stems with little leaf production 
at certain times. Again in a number of instances cutting was delayed for 
a few days because of heavy rain and the resulting heavy crop was fol- 
lowed by poor recovery and a low yield at the succeeding cut. 

Dry-matter totals for the first wet season were low under both cutting 
régimes because the grasses were established in that year, and although 
the dry season totals were augmented in most cases by late growth the 
annual totals were below those of the second year. 

Even the higher yields with repeated cutting in the second year did 
not approach the maxima recorded with uninterrupted growth except 
in Cynodon plectostachyon. Further, the yields of dry matter from cutting 
at ‘hay’ stage in the second year exceeded those obtained with the ‘graz- 
ing’ cut régime. Thus taking the maxima with uninterrupted growth as 
representing one cut per year, there was a progressive diminution in the 
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TABLE 3. Cutting at ‘Grazing’ Stage. Yields of dry matter as lb. per acre 


at each cut, with 


centage crude protein on a dry-matter basis in paren- 


theses. Total yields of dry matter and of crude protein as lb. per acre for 


each season, and for each year 
Grass no. (see Table 2) 
Date t 2 3 4 5 6 7 8 9 10 Ir 12 
25 Jan 405 | 450 85 | 878 688 | 282] 214] 478 165 
(10°4) | (118) | (14-9) | (17°8) (12°6) | (13-4) | (18-2) | (15-3) (12-2) 
29 Jan. oe ee 1§20 oe ee 1329 
(15°9) (12°6) 
12 Feb. .«. $51 | 1080] ss6| 338] 955 | 302 793 359 
(13°8) (11-0) | (7°9) | (9°3) | (9°2)] (oro) (14°8) (102) 
(118) “a ‘ (17°3) 
27 Fe ee 2 390 461 235 os 1s 
(10°9) | (12°2) (20°3) | (15°0) | (15°0) abe) (10°6 
4 Mar. . ee oe ee ee 321 we oe 
9°3) (8-7) 
11 Mar. 412 393 
(12-9) (17°2) 
18 Mar. 474 | 840] 81s | 574 46s] -- 
(14°7) | (13°3) (17°3) | (15°6) (18-7) 
25 Mar. 529 ae 92 504 
(5°8) (12-2) (12-0) 
Wet season totals 
Dry matter . - | 1405 | 1549 | 1374 | 3188 | 1085 | 3281 | 2678 | 1832 | 535 | 2221 | 2159 | 1185 
Crude protein . 165 187 172 | 401 82 557 333 221 67 368 311 134 
1 Apr. . 59 371 
6 Ape (9°8) | (11-7) 
we es 353 27 $97 274 4 
(s*1) (8) (13°0) | (11-1) | (8-6) (12-0) 
25 Apr. . oo 279 7 ee 
May (9's) | 
31 14 204 1382 229 2 197 
(70) (10°3) | (10°3)] (9°9) | (7°6) (4:2) 
(6°3) (8:2) 
season totals 
matter 906 | 650 635 479 972 | 826] 542] 1380] 645] 847 199 
Crude protein 73 67 3 27 94 101 57 114 53 102 
66 08 2866 | 3006 8 
ry matter 2311 2199 3 1055 4253 3504 2374 191 3 1352 
Crude protein 23 254 — 428 82] 651 434) 278 oH 421 413 142 
29 Nov. 345 
Dec 403 2 we 59 384] 93 
19 
(21-1) | (26°3) | (21-9) (22-2) | (17-0) (18.6) (23-9) | (22°3) 
3 Jan 396] .. 24| 765) 487] 318) 754 3) 71 536 
6) (12-9) (398) (15°8) | (16-7) (23°8) | (17°s) (22-2) | (24°3) | (12°8) 
16 Jan 74 715 3 54 $29 . 402 39 353 
(13°8) (142)]} ( 8) (13°2) | (13°9) | (14°6) | (19°1) (20°9) | (16°0) | (10°3) 
28 Jan ee oe ee ae 1050 we ee 
(110) 
12 Feb. 477 393 7971 | 1034] 606] 63 3 
(6-0) | (12-1) | (13-9) | (13°8) (13-7) | (13-0) (9°7) | (15°8) | (13°6) | (rot) 
25 Feb. . oe ve 883 
(122) 
5 Mar. . 78 1042 683 
(11-3) | (142) (1471) 
a3 Mar. 720 2 an 550 
(7°8)| (9's) (142) 
22 Mar. 783 1253 46s Sos 783 
(72) (7’9) (9°8) (9°6)| (6-4) 
bad a 6 8 2988 86 8 6 
matter 2651 | 2782 | 2343 2153 | 3793 | 25 282 | 10 26 205 
Crude protein 315 417 403 503 421 194 
16 Apr. 510 325 542 216 740 
Ms (s°3) (7°9)| (8-2)] (5-7) 
59 we oe “ 
(6°2)} (6°6)} (5-3) (3's) 
22 July - 57 236 89 287 150 
(5°3) (s°s)} (9°4) (6°3) (50) 
season totals 
ry matter 410 | 208 | 259] s67 377] s6r 631 216 | 1027 150 
Crude protein . 26 19 14 30 13 39 58 18 60 7 
1957-8 totals 
ry matter =. | 3061 | 3080 | 2602 | 355s | 2530 | 4354 | 3217 | 3498 | 2061 | 2635 | 3632 | 2056 
Crude protein. 341 436 276 433 324 $42 479 $30 160 504 615 194 
2 Dec. . 445 466 
(10°3) (12-7) (14's) 
11 Dec. 410 | 246 646 we 800 
(9°9)| (8-9) (147) (10°6) 
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TABLE 4. Cutting at ‘Hay’ Stage. Yield of dry matter as lb. per acre at 

each cut, with percentage crude protein on a dry-matter basis in parentheses. 

Total yield of dry matter and crude protein as lb. per acre for each season 
and for each year 


Grass no. (see Table 2) 
6 7 


30 Jan. . 
14 Feb. . 
25 Feb. . 
4 Mar. . 
22 Mar. 


Wet season totals 
Dry matter 
Crude protein 


15 Apr. . 
23 Apr. . 


3july . 298 190 806 oe 1177 
(7°2) 


season totals 
ry matter 1 
Crude protein. 5° 56 ee 4 


1996-7 totals 
ry matter . | 2516 | 2360 4606 | 350 
Crude Protein . 193 208 69 66 37 


3 Jem. . | 2270 | 1902 2634 
(12°5) | (10°0) (13°4) 


(12°9) 
12 Feb. . a 


3 
6 Mar. . 


13 Mar. 


4324 | 1506 
(7's) | (at-9) 


Wet season totals 
Dry matter . | 4555 | 4203 1880 4324 5143 | 5206 
Crude protein. 451 382 165 08 93 3 662 607 


15 Apr. . 2 4 527 461 746 1438 487 613 | 1196 
(5-0) | (15°7) (5°2) *3) | (101) (3°4) | (s°8) 
23 July . ate as 


196 
(4°6) 


totals 
ry matter ‘ 527 461 1634 487 oe 613 | 1196 
84 7° 


Crude protein 26 72 49 21 


1957-8 totals 
ry matter . | $082 | 4664 | 4693 3514 5080 | 4324 5736 6402 
Crude protein . | 477] 454] 418 249 491 | 547 | 326] 683 | 767 


bulk of herbage harvested with increasing frequency of cutting. This 
decrease in bulk was accompanied by an increase in quality as measured 
by percentage crude protein. Yields of crude ere depending on both 
the percentage of this constituent and the bulk of herbage, were variable 
but in general showed a small decrease with increasing frequency of 
cutting, e.g. protein yields under the ‘grazing’-cut régime were lower 
than those with cutting at ‘hay’ stage in the second year except in 
Katambora Rhodes Grass and Cynodon dactylon. 


790 | 759] .. | .. 696 | 1599] .. 
(11-4) | (11-3) (8-9) (13°4) | (12-0) 

‘ ors 794 oe os os 757 os 1630 | 1140 642 
(58) (8-3) (12°3) | (13°0) | (12°3) 
(5°4) | (110) (8°6) | (8-3) 
+ | 1705 | 1553 | 2959 | 4911 | 813 | 4926 | 4054 | 1366) .. | 2326 | 2739 | 642 
| 159 | 480} 66 | 426 | 330 | 108 | --_|_294 |_340| __79 
(6°2)} (7-0) (9's) (9°1) 
ee ee oe oe ee ee 4606 ee 1682 | 347 
(8-3) (6°4) 

1682 | 347 

187 22 
wore 
3 | 4421 | 989 
8 $27 101 

6) (14 (13°5) 
2532 
(55) 

(11-4) | (6°8) (130) 

ee + $e os 

99 
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228 q 
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While some features of the uninterrupted growth patterns such as the 
vigorous development of Melinis minutiflora in the first part of the dry 
season were reflected in the yields with repeated cutting, others, e.g. 
the outstanding dry-season growth in Cynodon plectostachyon, were 
partly masked by the imposition of the cutting régimes. 

Discussion 

The results of the present trial confirm Oyenuga’s [2] conclusion from 
his work in Nigeria that, just as in temperate countries, the quality of 
herbage, as measured by its crude protein content, is inversely related to 
maturity. Oyenuga further concluded that differences in quality ‘due 
to the stage at which the herbage is cut outweigh any differences due to 
gb while the results of the present trial lend general support to 
this latter conclusion it is suggested that the differences between the 
grasses in growth pattern and performance under successive cutting are 
of sufficient magnitude to be important agriculturally. Since the results 
set out above were derived from small plots it should be emphasized that 
= significance cannot be attached to absolute as distinct from relative 

ields. 

In considering the form of the patterns of uninterrupted growth the 
effect of establishing the grasses in the first year of the study is clearly 
important. Waite and Sastry [3] in their study of Phleum pratense 
noted that on a chronological basis there was a delay in maturity when 
the grass was in its establishment year compared with an already estab- 
lished sward. The present results are in accord with this finding in that 
although the growth patterns of some grasses are foreshortened in the 
establishment year as compared with the second year there is a general 
tendency for growth to continue later and percentage crude protein to 
remain at a higher level in tle first part of the dry season. 

While it has been shown that some of the features of the patterns 
demonstrated in the uninterrupted growth cycles are lost with the im- 
— of arbitrary successive cutting treatments these patterns are in 

act the raw material available for management. In devising management 
systems the need to retain the desirable features of these patterns should 
be taken into account. It is outside the scope of this paper to go into 
this complex question in any detail, but one example may be quoted 
to illustrate the principle. It has been shown that under conditions 
of vaiaewanel growth Cynodon plectostachyon, C. dactylon, and 
the Ermelo strain of Eragrostis curvula, have a capacity for renewed 
vegetative development in the first part of the dry season: with repeated 
cutting at ‘grazing’ stage this capacity is not a but when cut at 
‘hay’ stage these grasses give good yields of herbage in the early dry 
season. The potentially valuable feature of early dry-season growth may 
thus be retained in these grasses by using a lenient defoliation régime 
during the wet season. 

The patterns of uninterrupted growth are also useful in helping to 
elucidate the problems of adaptation and persistence. Melinis minutiflora, 
with its very late flowering period in the middle of the dry season, is an 
instance of a plant whose inherent growth pattern is seriously out of 
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phase with the annual cycle of climatic changes and its low degree of 
persistence probably results from this circumstance. 

Numerous workers with temperate grasses, e.g. Woodman et al. 
[4], see also [5, 6, 7, 8, 9, 10, 11], have shown that a high protein content 
in the herbage may be maintained by frequent defoliation, and the 
results of the successive cutting treatments show that this technique is 
equally — to the grasses studied in Northern Rhodesia. As 
found by Weinmann [9], working with a natural grassland community 
in Southern Rhodesia, the maintenance of a high protein level in the 
herbage by repeated cutting decreases the yield of dry matter; more 
critical study is needed to determine the effect of such treatments on the 
yield of crude protein and other digestible constituents. 
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Note. The figures (Nos. 1-24) discussed on pp. 199-201 are shown on 
the next six pages (206-11). Figures 1 and 13 refer to Grass No. 1 (see 
p. 198); Figures 2 and 14 refer to Grass No. 2, and so on. 
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Fics. 1-4. Seasonal changes in fresh (——) and dry (++ ) weights with succes- 


sional cutting, as thousands of lb. per acre. 
F: flowering period. 


P: time of planting or sowing. 


S: period of seed shedding. 
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Fics. 5-8. Seasonal changes in fresh (——) and dry ( ) weights with succes- 
sional cutting, as thousands of Ib. per acre. 
P: time of planting or sowing. F: flowering period. 5S: period of seed shedding. 
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P: time of planting or sowing. F: flowering period. 5S: period of seed shedding. 
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Fics. 13-16. Seasonal changes in percentage ( ) crude protein on a dry- 
matter basis and changes in yield (-----) of crude protein as Ib. per acre. 

P: time of planting or sowing. F: flowering period. 5S: period of seed shedding. 


The dates of application of fertilizers were: 
First year (1956~7) 19 January and 4 March. 
Second year (1957-8) 3 December and 17 January. 
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Fics. 21-24. Seasonal changes in percentage ( ) crude protein on a dry- 
matter basis and changes in yield (- -) of crude protein as lb. per acre. 
P: time of planting or sowing. F: flowering period. S: period of seed shedding. 


The dates of application of fertilizers were: 
First year (1956-7) 19 January and 4 March. 
Second year (1957-8) 3 December and 17 January. 
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PLOT SIZE AND REDUCTION OF VARIABILITY IN 
OIL-PALM EXPERIMENTS 


L. C. CHAPAS 
(West African Institute for Oil Palm Research, nr. Benin City, Nigeria) 


Summary and Conclusions 


Although each field experiment must be planned on its own merits, information 
on plot variability derived from uniformity trials can be of some value in the 
planning of future experiments. Two such trials on oil palms were planted 
during 1939 and 1944. Yield data, expressed in terms of number and weight of 
bunches in pounds per palm, for the periods 1944-55 and 1949-55, have been 
analysed. Plot variances have been computed for all available single-year yields 
and for various totals of groups of years for plots varying in size from 1 to 128 
palms in one area and 2 to 36 palms in another area. 

The distribution of single-palm plot yields was found to be positively skew 
during the earlier years of production, but for plots of four or more palms the 
distribution could be assumed to be normal from the onset of bearing. Plot shape 
did not affect plot variability, which in general decreased with increasing plot 
size in any particular year and decreased with age of palm for any particular plot 
size. 

Using the methods described by Fairfield Smith [1] the slopes b’ of the 
straight-line relationships between the logarithm of plot variability and plot size 
for the various years under consideration were computed, as also were the values 
of b adjusted to an infinite field. Over the range of plot sizes likely to be used in an 
oil-palm experiment the relationships were substantially linear. In one trial the 
values of 6 increased from 0-56 to o-g5 during the first five years of production 
and thereafter did not fall below 0-79. Values of 6 both for weight and number of 
bunches from the other trial were in general lower than those from the former, 
and did not show the same trend with age during the earlier years of production. 

Grouping of plot yields over the years reduced variability, and values of 6 were 
lower than average values over the corresponding single years. These lower values 
of b indicate that when yield data are to be analysed over groups of years, reduction 
of block size by the use of more complex designs may play an important role in 
reducing variability. 

Use of pre-treatment yield data as a calibrating variable in the analysis of covari- 
ance was found to result in a considerable gain in precision. From the limited 
evidence available there appears to be little value in using more than four years’ 
pre-treatment yield data as a calibrating variable. In all except one instance 
values of 6 calculated from the reduced variances were greater than o-9. This 
indicates that, for the areas considered where pre-treatment data are available, 


" gains in precision by reduction of plot and block size do not warrant the use of 
(ee, highly complex designs. 
4 é Examination of the correlations between yield production of individual palms 
' in different years revealed no evidence of biennial bearing, but supported the 
Anh findings by Haines [2] of three-year yield cycles. 


THE value of uniformity trials as indicators of the sizes and shapes of 
plots and blocks that should be used in field experiments has been a 
source of discussion for some time. No uniformity trial can give general 
rules or dictate the choice of plot and block size and degree a replication 
required for any experiment, and for each individual trial it is necessary 
to consider a number of factors, viz. 
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Available Experimental Area. Plot variability decreases as plot size is 
increased, and thus greater precision per replicate is obtained by the use 
of large plots. Assuming Fairfield Smith’s Ay] empirical formula, it can 
easily be shown that for a constant total experimental area the variance 
per treatment mean decreases as plot size decreases and the degree of 
replication increases. Thus, for a fixed experimental area, greater pre- 
cision is obtained by the use of small plots. 

Residual Degrees of Freedom. In any experiment, plot size must be 
such that sufficient degrees of freedom are available for the estimation of 
error, and in general should not be less than ten. 

Loss of Planting Material. The possibility of some losses of plants 
from disease or other causes must also be considered when deciding on 
plot size. For example, the loss of two trees in a plot of four would 
render the plot useless whereas the effect of a few losses in large plots 
can often be easily corrected by the use of a straightforward analysis of 
covariance using the number of stands as the concomitant variable. 

Plot Shape. It has been shown for many crops that long narrow plots 
have greater uniformity than square ones, although this is not invariably 
true since orientation of plots in a particular field may influence varia- 
bility. When plots must be guarded, it is important to note that square 
plots have a shorter perimeter than rectangular ones of the same area, 
and therefore guard rows account for a smaller percentage of the experi- 
mental material. For a fixed plot shape the percentage wastage on guard 
rows increases as the plot size decreases. 

Block Size. In some instances obvious physical peculiarities of an 
experimental area may determine the upper limit of block size in spite of 
the fact that uniformity trials may have indicated that the use of an 
entirely different arrangement would give the optimum information. 

Despite these considerations uniformity trials do give some indication 
of the variability to be expected from a given crop. In practice, cultural 
treatments may change this variability to some extent, as also may a 
slightly different location from the original trial. 

Data from two uniformity trials on oil palms have so far been pub- 
lished. Webster [3] examined the yield in pounds of bunches per palm 
from ro acres of palms at the Agricultural Department farm at Ogba near 
Benin City in the Western Region of Nigeria. Yields over the four years 
1934-7 were investigated on palms planted in 1923. Eight different 
randomized block designs corresponding to eight different plot sizes 
of from 4 to 64 palms were superimposed upon the area, and variances 
were calculated for single-year yields and for groups of years. Re- 
duction of the coefficient of variation was also demonstrated by use of the 
analysis of covariance of (a) one-year yields on the yields in the previous 
year ; (b) one-year yields on the yields in the previous two years; (c) one- 
year yields on the yields in the previous three years; and (d) two-year 
yields on the yields in the previous two years. A plot size of 12-32 palms 
was recommended when dealing with yields of single years. 

Ollagnier [4] dealt with yield figures of a single year from an area of 
approximately 80 acres at La Mé in the Ivory Coast. The coefficient of 
variation was found to vary from 27 per cent. for plots of 3 palms to 
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11°5 per cent. for plots of 24 palms. Least significant differences between 
treatment means were plotted against the available degree of replication 
obtained by using the six different plot sizes. Small plots of 6-12 palms, 
and a high degree of replication, were recommended. 


Materials 


The two areas selected for use as uniformity trials at the Main Station 
of this Institute are designated Field 2 and Field 3. 

Field 2. This field originally bore a cover of thick secondary forest 
which was cleared by underbrushing, felling, and burning. Seedling 
palms were planted in 1939 at 29-ft. triangular spacing in 24 rows each of 
32 plants. All the seedlings were progeny of a single bunch from a 
selfed dura variety from Aba. Apparently no out-pollination took place 
and all progeny were dura. The first fruits were harvested in 1943, but 
owing to bad planting, yields for 1943 were extremely low and 1944 is 
taken as the Fest year of production. The period considered is the 
twelve years from 1944 to 1956 inclusive and the grid of plots computed 
comprises all plots of the type 2“ x2" foro <u <4 ando <v < 3. 
Plot size therefore varied between 1 and 128 palms and no plot was of 
sufficient length completely to cross the experimental area. The only 
yield data examined were weight of bunches in pounds per palm. 

Field 3. The uniformity trial in this field was laid down in 1944. A 
gentle slope runs downwards from north to south and the site was origi- 
nally covered by thick secondary forest. The area was opened up by a 
non-burning method and planting took place during 1945. Seedlings 
obtained from four wdi-qulineed bunches of the Calabar dura variety 
256 were used to plant the experimental area of 24 rows of 24 palms. 

here was evidence of a slight degree of out-pollination in progeny from 
2 of the 4 planted bunches. Material from the 4 bunches was not, how- 
ever, planted in a random manner but as a 4 x 4 Latin square with plots 
consisting of 6 rows of 6 palms. As a consequence division into sub-plots 
was somewhat more restricted and the sum of squares due to the differ- 
ence between the 4 progenies had to be subtracted when plot variances 
over the experimental area were computed. Losses by rodent damage 
were high, and replacements of the appropriate progenies were made in 
1946. Yield recording on a per-palm Geue did not begin until January 
1949. Inspection of the yield data for the period 1949-55 revealed that 
harvesting had not been accurately carried out during 1953 and records 
for this year were therefore omitted, so that the data analysed are re- 
stricted to the years 1949-52 and 1954-5 inclusive. Both annual yield in 
number of bunches per palm and annual yield in pounds weight of 
eg per palm were examined for a range of plot sizes of 2 to 36 
palms. 


Methods and Results 
Frequency Distribution of Yield Data 


Distribution of yields in numbers of bunches and weight in pounds of 
bunches were examined for various sizes of plot both in the early years 
of production and when the palms were approaching maturity. For yield 


; 
: 
‘ ob, 
Ags 
= 
2 
| 
| 
4 


VARIABILITY IN OIL-PALM EXPERIMENTS 215 


measured in pounds of bunches per palm the distribution of single-palm 
yields for any year was found to be positively skew, the skewness being 
most marked during the earlier years of production. As plot size in- 
creased, the distribution of plot yields was found to become more sym- 
metrical, and for plots of four or more palms distributions could be 
assumed to be normal even in the earlier years of production. For yield 
measured in number of bunches (Field 3 only) distributions approxi- 
mated closely to normality for plots of two or more palms for all of the 
years under review. Single-palm yields totalled over four or more con- 
secutive yields were also found to be approximately normally distributed. 


Plot Variability 


Tables 1 and 2 give the coefficient of variation per palm for different 
sizes and shapes of plots for the two trials, over all the available years 
1944-55. Mean yields per palm are also quoted so that figures can be 
reconverted to variance per palm. Yields for the Field 2 trial are quoted 
only in terms of weight of Sanches in pounds. In general, variability 
—— to have decreased with age, although in the case of Field 2 vari- 
ability appeared to be increasing after ten years. 


Plot Shape 


The data in Tables 1 and 2 for plots of various sizes which are re- 
presented by both long narrow and by square plots clearly show that 
there was no consistent effect of plot shape on plot variability, either 
between the years or within any particular year. In no single year was 
there a significant difference between the variances obtained for various 
shapes of plots of constant size. 


Field Heterogeneity 
Using the methods described by Fairfield Smith [1], the linear 


equation 
logio(Vz) = logig(Vi)—8’ 


(where V, is the variance per unit area for plots of area x units and 6’ 
is a constant (o < b < 1) characteristic of the soil and planting material) 
was fitted to the data for each of the years under review. As noted by 
Fairfield Smith variances are not all estimated with the same accuracy 
and each point should be weighted inversely as its variance in the fitted 
regression. Toa first approximation this is equivalent to weighting the 
variances by the degrees of freedom on which they were based. 

The calculated regression coefficients b’ refer to the variance of plots 
over the whole area of the particular trial and in order to give coefficients 
that can be comparable with other trials it is necessary to adjust the 
values 6’. Fairfield Smith postulated that the law 


log(V-)o, = log(Vi)o,—4 log x 


(where (V,),, denotes the variance of plots of x units in a field of m ee 


holds for plots within an infinite field of which any experimental field may 
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VARIABILITY IN OIL-PALM EXPERIMENTS 
TABLE 2. Coefficient of Variation per Year, Field 3. 


Palme | Deqress of Coefficient of variation % 
per plot | freedom | 1949 | 1950 | 1951 | 1952 | 1953| 1954 | 


Weight in pounds of bunches 
516 | | 43:2 
442 | | 36°0 
39°9 | 321 | 37°7 32°3 
33°7 | 281 | 33°2 
35°4 | 294 | 32°6 
33°4 


2 
3 
4 
6 
6 
6 
9 
12 
12 
18 
18 
36 


Id per pal 


2 
3 
4 
6 
6 
6 
9 
12 
12 
18 
18 
36 


Mean yield per palm . | 747 7°22 


be considered to be a block. This can be shown to result in the law, for 
a finite field of size n units, 
n(n’ —x°) 


log( date log (V,)—6 log x+log n*(n—x) 


which is a curve of negative slope whose rate of increase of slope in- 
creases with increasing x/n. By construction of graphs of 
(1—(x/n)’) 


—b log x log (1—x/n) 


for various values of b over the range of x/n for the two experimental 
areas, the values of 6 corresponding to the estimated values of b’ were 
evaluated. 

Fairfield Smith has shown for a fixed plot size, that the efficiency of a 
design with m plots per block relative to one with n plots per block is 
n(m—1)(1—n~) 
m(n—1)(1—m~?) 
which tends to unity as } tends to unity for any value of m and m. Thus 
for high values of 4, the relative efficiency of blocks with few plots com- 
pared with blocks of many plots is not high and the eagle designs 
should be used. For low values of 5, the use of layouts designed to re- 

duce block size becomes more important. 


Plot | 
shape 1955 
2X1 284 32°4 
3X1 188 26°8 
2X3 92 21°5 
3X2 92 20°9 
te 6x1 92 21-2 
3X3 60 30°7 | 25°0 | 29°73 24°8 23°9 18-8 
2x6 44 23°7 | 23°4 | 25°9 221 16°3 
6x2 44 | 24°7 | 25°6 21°6 20°3 17°4 
3x6 28 20°9 | | 24°3 20°7 18-7 
6x3 28 216 | 21°9 | 20°4 18-6 15°3 
6x6 12 13°7 | 19°8 | 22-0 19°5 16°9 14°2 
Mean 21°97 | 53°36 | 85-05 | 108-54 120°47 | 172-60 
Wee Number of bunches 
2x1 284 |35°2 | 442 | 423 45°2 33°2 
3X1 188 30°5 | | 39°3 35°9 37°2 27°2 
2X2 140 | 25°6 | 35°4 32°7 25°7 
2x3 92 218 | 22:0 | 30°2 29°4 21-7 
3X2 92 24°4 | 23°4 | 31°6 28-4 26°7 21-2 
6x1 92 23°9 | 23°4 | 31°2 26°3 27°8 20°8 
3X3 60 210 | 20°5 | 261 23°5 23°2 18-5 
2x6 44 141 | | 243 21'9 16°3 
6x2 44 19°9 | 18:8 | 20°5 20°3 16°8 
3x6 28 14°33 | 17°5 | 22°5 19°8 14°5 
6x3 28 1770 | | 22-1 19°4 18-2 14°4 
6x6 12 | 20°7 18-7 me 16°5 13°0 
6:97 9°47 | 10°39 
| 
iy 
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Hatheway and Williams [5] pointed out that since the variance esti- 
mates for different sizes of plots are built up from common components 
they are frequently highly correlated. A simple weighting by degrees of 
freedom is therefore not accurate and they proposed a weighting method 
which leads to an unbiased estimate of b with asymptotically minimum 
variance. The appropriate weights are the elements of the information 
matrix of the log (V,) values. The method advocated was ap lied to 

ield data for the individual years 1949 and 1951 from the Field 2 trial. 

ariances from the least elongated plots of 1, 2, 4, 8, 16, 32, 64, and 128 
palms only were considered. Values of b’ were found to be 0°83 and 
1-04 with standard errors 0-056 and 0-054 for 1949 and 1951 respectively 
compared with o-81 and 0:98 when a simple weighting by degrees of 
freedom was used. The deviations of the regression lines from the linear 
were not significant. 


TABLE 3. Calculated and Adjusted Values of the Coefficient of Hetero- 
geneity 


Weight in pounds of bunches 
Field 2 


1944 1946 | 1947 | 1948 | 1949 | 1950 | 1951 


0°60 080 | 0-89 | 0°96 | 0-85 | 0°93 | 1°05 
0°56 0-78 | 0°88 | 0-95 | 0°84 | o-92 1700 


Field 3 
1949 | 1950 | 1951 | 1952 | 1953 | 1954 | 1955 
Weight in pounds bunches 


| 0°65 | 0°65 | O70 | 0-69 
0-78 | 0°63 | 0°63 | 0°68 0-77 | 0°67 
Number of bunches 

0-77 | 0-70 | 0°63 | 0°72 o8s5 | 0-75 
0-76 | 0°68 | 0-61 | 0-70 0°84 | 0°73 


Values of 5’ and 6 for the two trials computed, using the simple 

weighting by degrees of freedom, are given in Table 3. 

or many of the years under review the regressions appeared to 
depart from the linear law proposed by Fairfield Smith, the slopes of the 
curves of log V against log x decreasing with increasing x. However, 
over the range of plot sizes in which we are likely to be interested the 
relationships are substantially linear. 

There appears to be no consistent trend in the values of 6 over the 
years. In the case of the Field 2 trial, values of b steadily increased over 
the first five years and there is some slight indication that values of 5 
might be decreasing during the latter years. For the Field 3 trial where 
values are in general smaller than those for the Field 2 trial this does not 
apply. Such high values of b indicate that in the analysis of a single 
year’s data in the later stages of an experiment little is to be gained by 
the use of very complex designs aimed to reduce block size in an area 
such as that used in the Field 2 and Field 3 trials. 
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Plot Variability of Grouped Yields 


Coefficients of variation for all sizes of plots for various groupings of 


yield data over the period 1944-55 for Field 2 and 1949-55 for Field 3 
are given in Tables 4 and s. 


TABLE 5. Coefficients of Variation, Field 3 


Coefficient of variation % 
Palms Degrees of |1949-50| 1951-2 | 1954-5 |1949-52 
per plot freedom 2 years | 2 years | 2 years | 4 yeirs 
Weight in pounds of bunches 
84 39°3 36°7 30°1 32°3 


2 2 
3 188 35°6 32°2 25°2 29°4 
4 140 5 30°2 22°5 26°3 
6 92 26°0 20°5 23°0 
6 92 26°4 19°6 24°1 
6 92 24°5 19°8 22°9 
9 22°9 18-1 
12 14°9 18°8 
12 20°! 16°2 19°2 
18 20°0 14°5 18°3 
18 18-9 15°3 
36 14°2 17°3 
Mean yield per palm . : ; ‘ ° 193°59 | 293°06 | 268-92 


2x1 
3X1 
2X2 
2X3 
3X2 
6x1 
3X3 


35'8 
31'S 25°9 25°2 
29°7 22°3 
25°1 20°5 19°8 
26-0 19°8 20°4 
24°2 20°2 19°8 
21°5 17°7 17°3 


6x2 


16°6 19°8 16°4 
3x6 


13°1 14°5 
6x3 13°9 18-1 14°7 14°2 
6x6 10°3 13°4 


Mean yield per palm ; 15°00 14°19 19°86 | 29°19 


2 
3 
4 
6 
6 
6 
9 

2x6 12 211 14°7 16°1 
12 
18 
18 
36 


Comparisons with Tables 1, 2, and 3 show that considerable reduction 
in variability can be obtained by grouping of years. Plots of sixteen or 
more palms when mature give coefficients of variation of less than 10 per 
cent. when the yields of fo ur consecutive years are grouped together. 
The corresponding figure for the first four years’ production is of the 
order of 15 per cent. 


Field Heterogeneity of Grouped Data 


In Table 6 values of 6’ and 6 are given for the same grouping of years 
as that used in Tables 4 and 5. 

Values of b are lower when groups of years are taken together, and 
consequently reduction of Sieck ais by the use of the more complex 
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VARIABILITY IN OIL-PALM EXPERIMENTS 
TABLE 6. Calculated and Adjusted Values of the Coefficient of 
Heterogeneity 


Weight in pounds of bunches - 
Field 2 


1944-5 | 1946-7 | 1948-9 | 1950-1 | 1952-3 | 1954-5 | 1944-7 |1948-51| 1952-5 
2 years | 2 years | 2 years | 2 years | 2 years | 2 years | 4 years | 4 years | 4 years 


0°87 0°93 0-92 0°62 0-84 


Field 3 


1949-50 | 1951-2 | 1954-5 | 1949-52 
2 years 2 years 2 years 4 years 


Weight in pounds of bunches 
0°58 0°66 0°56 

O55 0°64 0°53 
Number of bunches 
0°60 0°60 

| 0°57 


values o 


designs plays a more important role in experimentation. In general, 
P b are lower in the Field 3 trial than in the Field 2 trial 
Relative Efficiency of Block Size in Randomized Block Designs 


In randomized block designs the relative efficiencies (taking (V) = 1) 
of blocks containing various numbers of plots over the range of b ob- 


served in the Field 2 and Field 3 trials is given in Table 7. 


TaBLe 7. Relative Efficiencies of Randomized Block Designs 


Coefficient of heterogeneity 
Plots per block 0-4 0-5 0-6 0-7 0-8 0-9 


2°07 1°47 1°30 1°17 1°08 
4 1°76 1°50 1°33 1°21 1°05 
8 1°55 1°35 1°23 1°08 1°03 
16 1°40 1°25 1°16 1°09 1°05 1°02 

32 1°18 1:06 1°03 

64 1°07 1°04 1°02 


Use of Pre-treatment Data 


In some agronomic experiments, treatments are not applied until palms 
have been in bearing for some years. In instances where pre-treatment 
ield data are available they can be used to reduce experimental error 
y use of the method of analysis of covariance. In the case of the Field 3 
trial, where the data for 1953 had to be omitted, it was not possible to 
investigate the matter very thoroughly and results from this trial have 
not therefore been included. The yields of twelve consecutive years were 
available from the Field 2 trial and the following cases were considered: 


(a) One-year experimental data with 2 years pre-treatment 
(6) Two-year 
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7, Four-year experimental data with 2 years pre-treatment 
) One-year 
(e) Two-year 
(f ) Four-year 
( Eight-year 
One-year 
i) ‘Two-year 
Four-year 


Coefficients of variation calculated after carrying out an adjustment by 
the analysis of covariance on various combinations of ‘pre-treatment’ 
yields are presented in Table 8. Figures from this table may be com- 
pared with corresponding figures from Tables 1 and 7. 

When experimental data for only a single year were analysed the 
greatest gain in precision was obtained by using only two years pre- 
treatment data in the analysis of covariance. When experimental data for 
two or more years are available there appears to be little value in taking 
more than four years pre-treatment data as a calibrating variable. 


TABLE 9. Correlations Between Individual Palm Yields in Different 
years, Field 2 
Weight of bunches 


1948 | 1949 | 


1944 o16| 0:20 
1945 O-4I| O13] 
1946 0°37| 0°44) O17 
1947 0°46 
1948 023|—o'18 
1949 0°06 
1950 
1951 
1952 
1953 
1954 


Values of 6 calculated from the reduced variances for the grouping of 
years set out in Table 8 are all greater than the corresponding values of b 
unreduced by the analysis of covariance and only in the case of 1946-9 
yields on 19445 yields is the value of b less than o-go. It sl thus 
appear that when pre-treatment yield data are known to be available on 
an area such as that of the trial considered, neither plot size nor block 
size are critical. Provided that plot size and replication are such that 
sufficient degrees of freedom are available for a valid estimate of error, it 
is not necessary to use very small plots with high replication, or to reduce 
block size at the expense of complexity of design. 


Correlations Between Palm Yields in Different Years 


Webster [3] noticed that an appreciable number of the oil palms in his 
trial exhibited the characteristic of biennial bearing, i.e. alternating years 
of high and low production. In order to explore this possibility, correlation 


a 
Mi 1945 | 1946 | 1947 1951 1953 | 1954 | 1955 
—oo2| o-78| O18] 0°23 
0:24| 0°34] O17] O28 
—o'05| 0-38] 023] O07] 0:26 
0-25 
0°02] 0°04 
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coefficients between all individual palm yields, in pounds of bunches, 
in different years were calculated and are given in Table 9. There 
is no evidence of biennial bearing; this would result in negative cor- 
relations between consecutive years and positive correlations between 
yields of alternate years. The table does, however, provide some 
evidence of the three-year cycle observed by Haines [2]. Although the 
magnitude of the coefficients is not high, in nearly all cases the greatest 
positive correlation coefficients are those between data at a “et age 
spacing. These three-year spacings are indicated by italics in Table g. 
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DURATION OF PREGNANCY IN AFRIKANER 
CATTLE 


B. VAN GRAAN, JNR., anp D. M. JOUBERT 
(Faculty of Agriculture, University of Pretoria, South Africa) 


Summary 


The average period of gestation in a herd of pedigree Afrikaner cows, artifici- 
ally inseminated, was 291°1 days, but normal, live calves were born following 
pregnancies ranging from 247 to 358 days. Bull calves were born 0-7 days later 
than heifers, the difference, however, not being statistically significant. Seasonal 
comparisons show longest pregnancies for cows calving in autumn, while further 
analysis of the data points out possible sire effects in pregnancy periods which 
deviate markedly from the expected mean. A tendency was observed for the 
duration of pregnancy to increase with age of the cow from her third to her 
seventh year. 


From the review by Asdell [1] and the bibliographical table compiled by 
Kenneth and Ritchie [2] it is clear that though considerable investiga- 
tion has been carried out on the duration of pregnancy of European 
breeds of cattle, information of this kind pertaining to cattle of the 
tropical regions of the world is rather scarce. A major factor con- 
tributing towards this decided gap in our knowledge 1s the fact that 
many of the tropical breeds are still relatively unimproved and that 


facilities as well as opportunities for their study are scarce. 

This paper presents data on the period of gestation of Afrikaner 
cows, a breed typical of the tropics, yet improved in many respects. 
Indeed, it is the only truly tropical breed in Africa for which stud-book 
facilities have existed for over fifty years, and a Breed Society since 


1912 [3]. 
Material and Methods 


Data on the duration of pregnancy were collected in a herd of pedigree 
Afrikaner cattle, run on natural pasture in the Transvaal Bushveld. 
Over a period of eight years these cows were inseminated artificially 
with the semen of four pure-bred Afrikaner sires. The investigation 
includes 477 pregnancy periods, correct beyond any reasonable doubt, 
all of which produced normal, live calves at birth. 

nig proms periods were calculated from day of insemination until 
day of calving. As soon as conception was apparent, i.e. non-return 
of oestrus following insemination, all pregnant cows were run on an 
entirely separate farm. This procedure added materially to the relia- 
bility of the data employed. 


Results 


Data on the mean pregnancy period for all cows included in the study, 
together with results on the effect of sex of calf, appear in Table 1. 
They indicate that male-calf pregnancies lasted, on an average, 0-73 
days longer than pregnancies which produced female offspring, but 
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this difference is not significant statistically. The distribution of fre- 
quencies around the mean is illustrated in Fig. 1 (see p. 228). 


TABLE 1. Mean Pregnancy Period of € rikaner Cows, and 


Effect of Sex of 
No. of Mean S.D. Range 
Sex pregnancies| days+S.E. | days days 
Male 228 291°5+0°65 | 98 247-353 
Female 249 290°8+0°61 | 9°7 262-358 
All calves 477 2gr-1t0'44 | 98 | 247-358 


In order to study seasonal effects, the data were grouped into spring 
(August—October), summer autumn (February- 
April), and winter (May-July) calving seasons. The results in Table 2 
show longest pregnancies for cows calving in autumn, while those 
calving in winter had the shortest gestation periods. The difference 
between these extreme cases (5-16 days) is statistically significant at the 
P = 0°05 level. 


TABLE 2. Effect of Season on Duration of Pregnancy 


No. of Mean S.D. Range 
Season | pregnancies| days+S.E. | days days 
Spring 89 290°6+ 1°14 | 10°8 247-338 
Summer 234 2gr0o+1°75 | 85 263-343 
Autumn 55 294'9+1°96 | 14°6 276-358 
Winter 99 289°8+0°75 | 7°5 262-330 
All seasons 477 291'1+0°44 98 247-358 


The influence of the sire on the pregnancy period is shown in Table 3. 
Again rather convincing differences are apparent if the extreme average 
figures are compared, the sire Dikvel being responsible for appreciably 
longer periods of pregnancy, which proved to be statistically significant 

Dikvel v. Lekkerland, Dikvel v. Mooistap, P < 0-01; Dikvel v. Sparks, 
< 0°05). 
TABLE 3. Effect of Sire on Duration of Pregnancy 


No. of Mean S.D. Range 
Sire pregnancies| days+S.E. | days days 


Lekkerland 87 289°8+0'95 | 8-9 | 264-343 


Sparks 68 290°0+1°40 11°6 | 268-358 
Mooistap 207 290°6+0°68 | 98 247-338 
Dikvel 115 293'8+0°79 | 8-6 269-353 
All sires 477 2g1-1+0°44 | 98 | 247-358 


Table 4 illustrates the relationship between age of dam and average 
gestation period. The values tend to increase from an age of three 
years until the seventh year. At later ages, however, the trend becomes 
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too uneven to permit valid deductions. For the three-, four-, and eleven- 


year-old cows the mean pregnancy periods differ significantly from the 
general average of 291-1. 


TABLE 4. Effect of Age of Dam on Duration of Pregnancy 


Age 


years 


No. of 
pregnancies 


Mean 
days +S.E. 


S.D. 
days 


Range 
days 


24 
54 


287°8+ 1°36 
287-94 1°36 


6°7 


269-297 
247-310 


290°6+ 1°64 | 11°7 
290-7111 | 774 
292°0+ 1°44] 9°5 
291°9+1°54 | 8-9 
295°'2+2°44 | 14°0 
290°'21'27 | 7°3 
296°1 + 2°34 | 12°9 
291°4+1°38 | 6°6 
290°0+ 1°12 
292°6+1'46 | 7:2 
289'1+1°42 | 6:2 
28g'1+1°23 | 4°9 
290°8+2:10| 
293°0+1°45 | 3°3 


98 


264-353 
262-303 
248-316 
268-321 
284-358 
270-298 
278-343 
276-295 
280-300 
285-323 
276-300 
280-298 
280-306 
278-338 


247-358 


All ages 


Discussion 

Bennett [4] was probably the first to point out that the indigenous 
cattle of southern Africa in general, and the Afrikaner in particular, 
tend to carry their calves longer im utero than most European breeds; 
but although he made this observation in his own herd of pedigree 
Afrikaner cattle, he failed to support his statement by actual figures. 
Subsequently, on a number of occasions, the phenomenon was re- 
investigated, but in most cases the data proved to be somewhat open to 
criticism. Joubert [5] arrived at a mean figure of 291-5 days, based on 
only eight observations. Broénn [6] sent out questionnaires to breeders, 
from which he concluded that the mean period of pregnancy for the 
Afrikaner lies between 287-7 and 293-0 days. Bisschop’s long-term 
investigations, carried out at the headin Research Station in 
the northern Cape Province (cited by Osterhoff [7]), clearly indicated 
longer gestation periods for Afrikaner cows than for those of exotic 
breeds, and he gives the mean value for the former as 291 days. The 
most detailed investigation to date, however, is that of Joubert and 
Bonsma [8] in which 473 pregnancy periods were analysed, giving a 
mean of 295:0+0°32 days. But their data also suffered a serious short- 
coming, viz. bulls mating the cows had to be studied under ranching 
conditions in large paddocks, which might easily have included erron- 
eous observations. 


Considering the present results in the light of the earlier findings, 
it seems reasonable to conclude that the indigenous Afrikaner cattle 
of South Africa have indeed a longer pregnancy period than what is 
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considered ‘average’ for most breeds of European origin; the latter 
is ya 6 cited as being in the region of 282 days [9]. Comparable 
data for breeds related to the Afrikaner are unfortunately not available. 

Although the range reported in the present study appears rather 
wide, i.e. from 247 to 358 days, it is quite clear from the frequency 
histogram in Fig. 1 that such extreme cases are indeed rare; this is also 


250 260 270 280 200 300 HO 320 330 340 350 
Duration of preqnancy in days 


Fic. 1. Frequency distribution of pregnancy periods of Afrikaner cows. 


emphasized by a standard deviation of only 9-75 days. Yet the extremes 
given are by no means unheard of. Considering the lower end of the 
scale, live births following pregnancies of less than 250 days have in 
fact been reported for other breeds [10]. With regard to the upper 
extreme, mention can be made, for example, of nine cases of prolonged 
gestation (348 to 381 days) reported in a herd of Ayrshires by Wilson 
and Young [11]. 

The data on the influence of sex of calf on gestation agree with 
generally established fact. On the other hand, the seasonal pattern, 
though statistically more convincing than the former result, is in con- 
flict with the findings of overseas workers [12, 13], who reported 
shortest pregnancy periods for autumn-calvers. Agreement, again, 
is reached in connexion with sire influences, the fact that the bull may 
be a contributing factor to either shortened or prolonged pregnancy 
periods being well-established [8]. 

The tendency for cows to have longer pregnancy periods with ad- 
vancing age, from their third to seventh year, when maturity is usually 
reached, is in agreement with the reports of many previous investi- 

tors. This phenomenon is usually correlated with changes in the 

irth weight of the offspring of cows of differing age. In the absence 
of the required data, however, discussion is not possible at present. 
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STUDIES ON THE NUTRITION OF ZEBU CATTLE 
IN NORTHERN NIGERIA 


I. ENERGY INTAKE AND MILK PRODUCTION 
T. B. MILLER 


(Regional Research Station, Ministry of Agriculture, Samaru, 
Zaria, Northern Nigeria) 


Summary 


Sixteen stall-fed Zebu cows were divided into four groups, three of which were 
fed different levels of concentrates, calculated to supplement maintenance and 
provide respectively 125, 100, and 75 per cent. of the production standards re- 
commended by Woodman on the basis of starch equivalent (SE). The fourth 
group was fed roughage only. 

Digestibility trials were conducted to determine the energy intake for each cow 
in terms of total digestible nutrients (TDN) and SE, and provide data on the 
nutritive value of the roughage and concentrate rations. 

Dry-matter intakes ranged from 6-4 lb./head/day with cows on silage only to 
141 lb. with cows on the high level of concentrate feeding. This amounted to 
1'0 and 2:0 per cent. of live weight respectively. 

Apart from acute digestive disorders of the animals fed silage alone, the health 
of the animals was good throughout the experiment. 

In expressing energy intake it was found that the reduced net energy of the 
digestible nutrients of the roughage ration should be accounted for, since TDN 
values did not account for the variations in production data with the same degree 
of accuracy as SE values. 

When SE values were calculated using Kellner’s corrections for crude-fibre 
content, the results were below the requirements for fat-corrected milk (FCM) 
yields. A reduced crude-fibre correction factor gave SE intake levels of a similar 
order to requirements. 

The apparently greater efficiency with which the energy of roughage was 
utilized is discussed in relation to the low levels of dry-matter intake, low milk 
yields, and environmental factors. 

The digestible crude protein intakes were slightly in excess of requirements. 
This may be attributed to the high protein content of the concentrate ration. 


INDIGENOUS cattle of tropical regions are inferior in terms of animal 

roduction when compared with taurine cattle of temperate zones. This 
is characterized by lower body weight, later maturity, longer calving 
intervals, smaller milk yield, and a poorer uality of meat. 

Apart from inherent inferior qualities of the animals the factors which 
contribute to the low level of production are: climate, disease, improper 
selection in breeding, and inadequate nutrition. Attempts to overcome 
the situation by introducing improved exotic cattle have been successful 
only where the climate is less severe and the animals do not succumb to 
disease. Usually efforts have to be directed towards the improvement of 
indigenous stock. Considerable success has been achieved in this re- 
spect in India as reported by Warner [1]. In the Sudan Boyns [2] has 
ahuten that severe culling, with improved management and feeding, can 
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produce a herd of Zebu cows where the average lactation yields have been 
increased from 3,000 to 5,000 Ib. in about 4 years. 

Reports of successful improvement in West Africa are less evident. 
Records at Shika Stock Farm in Northern Nigeria give average lactation 

ields of 2,000 and 2,200 Ib. for the White Fulani and Sokoto Gudali 

erds respectively (W. H. Foster, private communication, 1959). 
Labouche (3), in Senegal, reports milk yields of only 2-5 litres per day 
from animals fed with no supplements. 

It is generally accepted that inadequate nutrition is the most important 
factor in restricting milk yields and animal production in general. Blax- 
ter [4] attributes 30-40 per cent. of the total variance in milk yields to 
breeding in herds where care and attention is given to rationing, and the 
value is very much less under normal farming conditions obtaining in 
the United Kingdom. This situation is even more pronounced in West 
Africa, and Pagot [5] considers that any improvement in milk production 
obtainable from controlled breeding would be negligible when compared 
with the gains that would accrue from closer attention to good feeding. 

Of the endemic diseases prevalent in West Africa, trypanosomiasis has 
received most attention and the presence of tsetse in the coastal regions 
has limited the animal production to the northern Guinea savannah and 
Sudan zones farther inland. This unfortunate situation means that cattle 
are kept in areas where there is sufficient grass of good quality only dur- 
ing the short rainy season from May to October. Decinn the remainder 
of the year the grass is desiccated and bleached, with exceedingly low 


nutritive value. There is evidence bs howe a high plane of nutrition does 
e 


enable an animal to withstand the debilitating effects of trypanosomiasis. 
A herd of White Fulani was established at University College, Ibadan, 
Western Nigeria, by the transfer of a few animals from Shika [7]. 
Although the animals were maintained in a tsetse-infested area, and blood 
smears showed positive trypanosome infection, lactation yields at 
Ibadan exceeded those from the same cows at Shika in every case. The 
only explanation of this paradox is the higher plane of nutrition avail- 
able at Ibadan. 

It is of paramount importance that efforts to improve animal produc- 
tion in Nigeria should give a large measure of attention to nutrition. 
Before this can be achieved satisfactorily it is essential to have a know- 
ledge of the nutritive requirements of the animals and the extent to 
which these requirements can be satisfied in the fodders and feeding- 
stuffs available in the country. Fundamental studies of the energy and 
protein requirements form an essential prerequisite in this connexion. 
As stated by Oyenuga [8], in a review of the problems of livestock 
nutrition in Nigeria, this work should be conducted locally, and the 
application of results obtained in other parts of the world, particularly 
in temperate regions, is not enough. 

Previous work has been limited to the empirical feeding trials of 
Brown 3] where weight changes of animals fed with different rations 
were followed during the dry season. Anderson [10] studied the seasonal 
variations in the nutritive value of pasture. The proximate composition 
of grass and feedingstuffs in Nigeria les been studied by Oyenuga [11, 12]. 
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These results illustrate the low feeding value of roughage. Results of 
digestibility trials conducted in Ghana by Landsbury [13] indicate the 
low levels of digestible crude protein and energy in roughages con- 
served as hay and silage for dry-season feeding. A system of feeding 
cattle in Nigeria was put forward by Hartley and Ross in 1938 [14]. 
These authors collated data on the crude proximate composition of feed- 
ingstuffs with assumed requirements of the animals based on the re- 
commendations with respect to size and level of production from sources 
in other countries. The inexactness of such assumption was outweighed 
by the expediency in obtaining a system based on scientific principles, 
which could be adapted to mixed-farming methods in Nigeria. With 
the progress of research in the fundamental aspects of animal nutrition 
in general, and the experience of agriculturists in tropical countries, it is 
becoming clear that any system of feeding must be based on the results of 
work conducted locally. A study of the requirements for milk production 
probably forms the best preliminary approach since this product can be 
measured accurately. 

The effect of level of supplementary feeding on milk production has 
been studied by A. B. Rains and J. G. Simpson (unpublished results) at 
Shika. In their trials a concentrate of 70 per cent. ground sorghum grain, 
20 per cent. decorticated groundnut cake, and 10 per cent. whole cotton 
seed was fed at 4 and 6 lb. per head per day to two groups of cows yield- 
ing 15-20 lb. milk per day. ‘The two groups were allowed to graze to- 
gether during the day, on unimproved pasture, and the concentrate 
rations were fed twice daily during milkings. Over a 20-week period 


(July to November) the average yields of the two groups were 1,335 and 
1,375 lb. milk respectively. There was no significant difference in the 
live weights of the two groups for the duration of the experiment. The 
results indicate that for practical purposes the animals do not respond 
on a scale which would justify heavy concentrate feeding. However, 
since an estimate of the grazing intake was not obtainable, it is impossible 


to derive the energy and protein requirements for milk production with 
any accuracy. It would appear that the group on high concentrates 
consumed less grass, or they may have been less selective in grazing. 

Without a knowledge of the requirements in terms of energy units 
such as starch equivalent, total digestible nutrients, or net energy calories, 
the results of the above experiment can be interpreted only with specula- 
tion, and until more fundamental studies have been made the results 
of such empirical experiments will be vitiated. Ideally, investigations 
should involve determination of metabolizable and net energy, but such 
experimentation is impossible in Nigeria at present. The only alternative 
is to determine the intake of digestible nutrients by digestibility trials 
over a period during which production in the form of milk or live-weight 
gain is also determined. The present experiment represents the latter 
approach. 


Experimental 


The experiment was conducted at Shika towards the end of the dry 
season (19.2.58 to 14.4.58). At this time of the year unimproved 


§ 
} 
| 
| 
4 
“ag 
th 


NUTRITION OF ZEBU CATTLE IN NORTHERN NIGERIA. I 233 


pasture without irrigation is of exceedingly low nutritive value and, on 
the basis of practical observations, free grazing is reckoned to provide 
about half the maintenance requirements of dairy cows. Supplements 
of hay, silage, and sweet potatoes are fed, together with concentrates, for 
milk production. 

The British system of rationing according to Woodman [1 5] was 
adopted as an arbitrary basis. Four levels of rations were formulated, 
to provide production rations ranging from 25 per cent. above Wood- 
man’s standards to sub-maintenance (roughage only). Digestibility 
trials were conducted to determine the true energy intake in terms of 
total digestible nutrients and starch equivalent. 


Design of Experiment 
Sixteen cows yielding over F Rae milk per day were selected from a 
milking herd of thirty-four. ‘Twelve cows were of the White Fulani 


breed. These were divided into three strata according to stage of lacta- 
tion and allocated at random to each of four treatments A, B, C, and D. 
The remaining four cows were Sokoto Gudalis and were randomized 
among the four treatments. There was no change-over in the treatment 
of these groups throughout the experiment. 


Treatment 


A (Group A): basal (silage)+ concentrates at 125 per cent. of Woodman standard. 
B (Group B): ” ” » ,, ” 

Cc (Group C): ” on ” » 75 
D (Group D): » only. 


Animals 


Some previous data of the cows used are given in Table 1. These 
data illustrate some of the characteristics of Zebu cattle in Nigeria, viz. 
late maturity (first lactations begin at 34-4 years) and poor milk yields. 

The general health of the animals was comparatively good in the 
three months prior to the experimental period. There were two recorded 
cases of mastitis (561 and 928) which were cleared up on treatment 
with penicillin, oat there was no indication of subsequent impairment 
of milk production. 


” ” 


Management 


Since it was desired to determine the energy and digestible crude 

a (DCP) intakes directly by digestibility trials, it was necessary to 

ave the animals housed for the duration of the experiment so that they 
could be stall-fed individually. 

The cows were allowed to become acclimatized to this change in 
management from open grazing, during the two weeks preceding the 
experiment. Although the animals had never been subjected to this 
treatment before, their docile nature rendered them quite amenable. 
They were housed in a conventional-type byre with an sipeinlan milking 
parlour. Apart from milking and weighing the cows were not given any 
exercise. 
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The cows were machine-milked at 7.30 a.m. and 5.30 p.m. Concen- 
trates were fed in the milking parlour and roughage was fed in the stalls. 
Cows fed with no concentrates were given a portion of their silage 
rations during milking. Water was available in the stalls continuously. 
Rations 

Sunflower silage, which was the only homogeneous roughage available 
in sufficient quantity, was fed as the basal ration. The sunflower had 
been ensiled in a pit in September 1957 and samples were analysed 
before the beginning of the experiment. The resultant silage was 
reasonably wall made (pH 5:2), though there were patches of mould 
growth in the outer layers, which were rejected. 

The silage was mixed with hay during the acclimatization period, 
after which it was found that the cows could consume up to 45 tb. per 
head per day. One ounce of Churn brand Protective Mineral Mixture 
was sprinkled on the surface of the silage. This appeared to stimulate 
the animals’ appetite for silage, in addition to providing minerals. 

The concentrate mixture was composed of 70 parts ground sorghum 

ain and 30 parts groundnut cake, both produced locally. ‘This mixture 

- a a SE and DCP of 78 and 13:6 respectively (cf. Woodman’s 
tables [15]). 

It A ae impossible to control the total feed intake because of 
variations in silage consumption from day to day and between animals 
at the outset of the experiment. Apart from a higher crude-fibre content 
the crude composition of the silage approximated to that given by Wood- 
man. Since the animals were found to consume an average of 40 lb. 

er head per day it was assumed that the roughage ration provided 
3°5 lb. SE. The supplementary SE to complete maintenance and satisfy 
production requirements was calculated from live Mg (LW) and fat- 
— milk (FCM) for each cow according to the following relation- 
ship: 
Concentrate SE (lb./head/day) = 0-0065 x LW+X x FCM —3°5 


where X = 0-32, 0:26, and 0-20 for groups A, B, and C respectively. The 
LW and FCM data were obtained during the week immediately pre- 
ceding the experiment. 

In weighing out concentrate rations the groundnut cake and ground 
sorghum grain were weighed separately for each animal. This was 
necessary to maintain the same proportions of the constituents. 
Digestibility Trials 

Two 10-day digestibility trials were conducted during the 2nd/3rd 
and 6th/7th weeks of the experiment in order to determine the energy 
and DCP intake of each cow and the nutritive value of roughage and 
concentrate rations. 

Forty-five-pound lots of silage, fresh from the pit, were weighed into 
sacks which had been dampened previously to avoid loss of moisture 
before feeding. Samples of the ration were taken during weighing. These 
were bulked and subsampled for drying and analyses. One bag of silage 
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formed the 24-hour ration for each cow, and the material was fed accord- 
ing to each animal’s < agpe Resting periods of approximately 3 hours 
during the day and 5 hours at night were allowed, no silage remaining 
in the troughs was removed. 

Faeces collection commenced 48 hours after feeding the first ration. 
In view of the suspected hazards in using the conventional faecal collec- 
tion bags, labourers were employed to collect the faeces in basins. Four 
shifts of labourers were employed in 24 hours. The method proved 
highly satisfactory and it was found that one man could cope with four 
animals. ‘The faeces collected from each cow was weighed, mixed, and 
sampled twice daily. Dry matter was determined on a daily composite 
sample, and samples of fresh faeces were bulked for each cow during the 
10-day collection period, for nitrogen determination. 


Analysis of Feed and Faeces 


Dry matter. The samples of rations, residues, and faeces for each day 
of the trial were dried at 105° C. for 16 hours. 

Sampling. Daily dried samples were milled through a o-8-mm. sieve 
and bulked in — weights from each daily sample to form a composite 
laboratory sample. Residue and faeces samples were bulked in propor- 
tion to their respective dry weights for each day. 

Analysis. Crude protein (N x 6-25) was determined by the macro- 
Kjeldahl method. 

Before determination of the proximate constituents in the dried silage 
and faeces the dried ground samples were redried in a laboratory oven 
at 100° C. overnight. This obviated errors due to varying moisture con- 
tent according to fluctuation in atmospheric humidity. Ether extract 
and crude fibre were determined by the AOAC methods [16]. Organic 
matter was determined by ashing at 600° C. 

Analyses of milk. Samples of milk from each cow were taken weekly 
from four consecutive milkings. These were bulked in proportion to 
the yields. The composite samples were analysed for fat by the Gerber 
method hn , total solids by evaporation at 100° C., lactose by the 
McDowell [18] modification of the Lane and Enyon method, and total 

rotein (N x 6-38) by the micro-Kjeldahl procedure [19]. The 4 per cent. 
at-corrected milk (FCM) yields were calculated using the formula of 
Overman and Gaines i2o}, 


Health Results 


One cow in group B (850) showed loss of appetite for two days. This 
was attributed to a slight attack of trypanosomiasis. All animals in group 
D became constipated and lost appetite after 3 to 4 weeks. They were 
removed from the experiment and recovered rapidly when fed with hay 
and concentrates. 


Consumption of Silage and Concentrates 


After the cows had become accustomed to eating sunflower silage they 
developed definite habits with regard to the amounts and quality of the 
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material eaten. This was particularly noticeable during the digestibility 
trials. Some animals consumed the daily ration of 45 Ib. in toto whilst 
others left residues weighing up to 20 lb. The majority of the residues 
were similar in composition with respect to the relative amounts of 
leaves, seeds, and stems, but a few residues from the more fastidious 
animals consisted of stems or seeds only. 

Mean daily weights of dry matter consumed by the respective groups 
A, B, C, and D during the two digestibility trials are given in Table 2. 
It will be seen that the animals on the higher level of concentrate feeding 
tended to consume more silage. Fluctuations in DM content of the 
silage were negligible and the average daily dry weights offered were 
8-g1 and g-o1 |b. for trials 1 and 2 respectively. ‘There were no con- 
centrate residues from any animal during the whole experiment. 

Table 2 also incorporates the weights of total dry matter consumed 
per 100 Ib. live weight. 


TABLE 2. Consumption of Silage and Concentrates (lb. DM/head/day) 


Silage 7 Concen- 
Trial 1 trate 


8-38 5°74 
7°64 5°39 
7°56 4°62 
7°29 Nil 


* Mean of two animals. 


Composition and Digestibility of Silage and Concentrates 


The data from proximate analyses and digestible constituents of 
silage and concentrates are presented in Table 3. The digestibility 
coefficients of the concentrates were calculated for the twelve cows in 

roups A, B, and C by difference, using the mean digestibility coefficients 
rom group D cows. The levels of digestible constituents in Table 3 
represent the means from the twelve animals in trials 1 and 2. Of the 
major constituents DOM, DCP, and digestible NFE only the latter 
shows a significant difference between trials (P < 0-01). This result may 
be expected since NFE is more susceptible to errors than any other 
proximate constituents. 

The coefficients of variation for DOM and DCP were 4:90, 7:07 in 
trial 1 and 6-70, 6-60 in trial 2 respectively. The method used in 
estimating the digestibility of concentrates presupposes that the silage 
is digested to the same extent by the penal ha animals as those in 
group D, which is not necessarily valid. 

The proportions of concentrates to roughages have been found to 
influence the digestibility of concentrates when determined by difference. 
A report from East Africa [21] indicates a positive correlation between 
percentage concentrates and concentrate digestibility. Using data from 
the animals in groups A, B, and C independent of groupings, the corre- 
lation coefficients of crude protein, NFE, and organic matter digestibilities 
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TABLE 3. Composition and Nutritive Value (per cent.) of Silage and 


Concentrates 
(on dry-matter basis) 
Silage Concentrates 
Digestible Digestible 

Crude composition constituents cmpedk constituents 

Trial 1 | Trial 2 | Trial 1 | Trial 2| tion Trial 1 | Trial 2 
Crude protein 6-2 20 20°9 
Crude fibre 42°2 17°0 19°2 1°6 
Ether extract 29 4°0 1°6 371 2°5 2°9 
NFE . 36°7 33°0 17°9 16°4 66-4 58-1 §2°0 
Organic matter | 86-7 85°4 37°6 96°6 79°6 79°5 
TDN. 39°6 41-2 80°6 76°3 
SE, . ‘ 31°2 32°4 
SE, . 24°4 23°4 76°4 


SE, = o-9 X dig. protein+ 1-9 x dig. ether extract+dig. crude fibre-+dig. NFE— 
0°19 X crude fibre. 


SE, = o-9 Xx dig. protein+ 1-9 x dig. ether extract+dig. crude fibre+dig. NFE— 
0°38 x crude fibre. 


of concentrates with percentage concentrate dry matter in the ration were 
found to be —o-160, +0-231, +0-047 in trial 1 and —o-103, +0-382, 
+0-251 in trial 2 respectively. The results do not suggest that the pro- 
portions of concentrates to roughage have a definite influence on the 
digestibility of concentrates within the limits of the present experiment. 
The percentage of concentrates in the total ration ranged from 27-2 to 
49°6 on a dry-matter basis. Although the correlation coefficients are not 
significant they do indicate that the digestibility of OM and NFE tend 
to increase with the percentage of concentrates, and that the digestibility 
of CP tends to decrease. 

The energy contents of silage and concentrate are also presented in 
Table 3. In default of any generally accepted energy standards for com- 
puting livestock rations in Nigeria the energy values have been expressed 
in terms of DOM, TDN, and SE. The starch-equivalent values of the 
silage have been calculated from Kellner’s empirical formula 22] usin 
Woodman’s V correction for crude fibre in sunflower silage (SE,) an 
also by deducting 0-38 x crude fibre (SE,). The latter value is taken from 
Kellner’s recommendations for materials of crude-fibre content similar 
to the level found in the sunflower silage used in the present experiment. 


Milk Yields and Milk Composition 


In Table 4 the mean daily yields of milk and FCM are given together 
with milk composition for each group of cows during the experiment. 
The data for groups A, B, and C were taken over 8 weeks of the experi- 
ment and for group D over only 3 weeks. The latter animals were re- 
moved from the experiment after this period. 

The absolute yields of milk are extremely low in comparison with 
yields of cattle in temperate regions. Differences in yields and milk 
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composition between groups were not significant. This result may be 
expected in view of the wide range in stage of lactation of cows within 
groups (cf. Table 1). 


TABLE 4. Mean Daily Yields and Composition of Milk 


Total 
Milk protein 
yield .N.F. | (N x 6°38) 
lb./day % 


4 3°28 
9 ‘ 3°31 
6 2°84 
5 3°07 
I 3°12 
81 


Mean 
SE ;+ 


7 
6- 
5° 
4 
6 


Live-weight Changes 


The initial mean live weights of groups A, B, and C were 725, 765, 
and 689 lb. per head and daily weight changes, which amounted to 
+o-10, —o-14, and —o-12 Ib. per ath respectively, did not differ 
significantly. Cows in group D weighed 759 tb. at the beginning and 
lost weight at the rate of 1-75 lb. per head per day during the period 
— observation, which indicated the low nutritive value of sunflower 
silage. 


Energy Intake and Requirements for Maintenance and Milk Production 


In considering the energy requirements in relation to milk production 
the TDN and SE systems are presented separately to assess their 
relative suitability as a measure of energy. 

Total digestible nutrients. The TDN requirements in lb./head/day 
and the partition between maintenance and production in ‘Table 
have been taken from two authorities. The standards of Haecker [2 ; 
were used in North America as the forerunner of the present standar 
of Morrison [24]. The standards recommended by Lander [25] were de- 
rived in India and they are found to apply to Zebu cattle in that country. 

Haecker’s maintenance values are calculated directly from live weight. 
More recent workers have adopted live weight to a power less than 
unity, which is regarded as a function of the metabolic size of the 
animal. For production requirements Lander gives the value of 0-36 Ib. 
TDN per Ib. FCM compared to 0°34 Ib. of Haecker. Both values are 
above the range 0:31-0:32 of Morrison. The differences between the 
total requirements of the two authors are negligible with animals of 
weight and level of production used in the experiment. With higher 
yields differences would be more appreciable. This is apparent even 
with group A. 

The weights of TDN consumed in Table 5 represent the means for 
each group for the two digestibility trials. A comparison of these values 
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TABLE 5. Partition of Energy Requirements for Maintenance and Milk 


Production (FCM) in terms of TDN and SE (lb.|head/day) with Respective 
mounts Consumed 
Total digestible nutrients Starch equivalents 
Requirements Consumed 

Group Haecker | Lander | Consumed | Requirements| SE, SE, 
M| 5°74 | 5°71 4°83 

A 2°86 3°00 2°11 
8-60 8-71 791 6°94 712 6°45 
M | 6°06 5°00 

B P 2°68 2°81 1°97 
T | 874 8-72 7°39 6°97 6:66 6°19 
5°46 5°44 4°72 

Cc P 2°39 2°51 1°76 
T | 7°85 7°99 6-49 6-48 5°74 5°18 


M= Maintenance, P= Production, T= Total. 


with the requirements indicates that all groups were fed below require- 
ments. In groups B and C this result is partially borne out by the 
apparent loss in weight, but it does not support the slight increase obtained 
with group A. 


Starch Equivalent 


The SE requirements calculated from the British data of Wood [26] 
are given in Table 5, together with the weights of SE, and SE, consumed. 
The SE, values approximate more closely to the total SE requirements 
than the SE, values. It therefore appears that the correction for crude- 
fibre content of the roughage recommended by Kellner [27] is too high 
and that the net energy of the ration as expressed by SE is greater than 
that indicated by conventional calculation. 


Digestible Crude Protein Intake and Requirements 


The calculated DCP requirements for groups A, B, and C, from 
Woodman’s data are 0-964, 0°953, and o-861 respectively. From 
Lander’s data these values amount to 0-828, 0-824, and 0-751. The 
actual consumption levels for the respective groups in the experiment 
were 1°054, 1-046, and 0-795. The values for groups A and B appear 
slightly excessive when compared with either source. 


Assessment of Energy required for Milk Production 


The supplementary rations were calculated to provide 125, 100, and 
75 per cent. of the production standards laid down by Woodman fr il. 

his was only an approximation since the true nutritive value of the 
roughage ration was unknown at the outset of the experiment. Using 
SE, values and deducting maintenance requirements given in Table 
these relative production SE values have been ccuthualoned in Table 6. 
The discrepancy between these values for group A indicates the possible 
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TaBLe 6. Relative Levels of Energy Available Fw! Production from Plan 
of Experiment with those Determined, and Relative FCM Yields 


Relative production ‘ 
fooling level Relative lb. SE lb. DCP 


FCM per per 
Planned | Determined | yields | 10lb. FCM | 10lb. FCM 


125 135°6 106°3 2°90 0°725 
100 100°0 100°0 2°28 0°735 
75 73°9 88-6 0°525 


erroneous conclusions that may arise where tables of nutritive values 
obtained from other sources are used in planning feeding experiments. 

When the relative FCM yields are calculated on a slealiee basis it will 
be seen that the response to higher feeding level is not substantial. This 
effect is also noticeable when the weight of production SE per 1o |b. 
FCM is calculated. 


Discussion 
The choice of units for expressing energy requirements involves a 
considerable degree of empiricism. The limitations of the systems used 
in various countries have been discussed by numerous workers. In those 
countries where animal production is highly developed, the particular 
after several adjust- 


system adopted has been found to work satis 
ments have been made. 

The main difficulty in adopting a system which is free from empiricism 
is the relative inefficiency with which ruminants utilize the energy 
content of roughages when compared with that for concentrates. Kellner 
[28] attributed this inefficiency to a loss of energy by the animal in 
mastication and digestion of the coarse-fibre fraction of the roughage. 
He considered this loss as a function of the crude-fibre content of the 
material and corrected his starch equivalent values by deducting X 
x crude-fibre content from the sum of digestible nutrients expressed 
on an equivalent energy basis. The value of X ranged from 0-2 for less 
fibrous material to 0-58 for coarse fodders of crude-fibre contents of 
16 per cent. or over. More recent studies conducted by Armstrong et al. 
[ 3} have led to a better understanding of this apparent loss of energy by 
ruminants. The term heat increment is used to denote the panos, bg 
In addition to the energy used in mastication the heat increment includes 
energy lost in the rumen as methane, the heat of fermentation when the 
cellulose of the crude-fibre fraction is degraded to fatty acids by the 
rumen bacteria, and the energy lost when the products of digestion are 
utilized in the tissues. The latter fraction of the heat increment is greater 
for fatty acids than for hexoses. In this respect the heat increment is 
greater in ruminants than non-ruminants and on the basis of energy 
utilization the latter animals are more efficient. Within the range of fatty 
acids produced in the rumen, viz. acetic, propionic, and butyric acids, 
acetic has an appreciably greater heat increment. It has been shown 8] 
that rumen liquor contains greater amounts of acetic, relative to other 
fatty acids, after feeding poor-quality roughages. 
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The cumulative effect of these sources of energy loss results in the re- 
duced efficiency with which the energy of roughages is utilized. Without 
_—— measure of these losses, and intensive study of the factors 
influencing them, the alternatives are to ignore them as in the TDN 
system or correct the energy values with some arbitrary empirical factor 
as in the SE system. In the U.S.A., where the TDN system is used, the 
standards of feeding exceed actual requirements so that even with 
high roughage/concentrate ratios any discrepancy is allowed for. Lander 
[25] has adopted the TDN system in India because of its simplicity. 

n tropical countries such as Nigeria, where a wide range of roughage/ 
concentrate ratios may be fed, and where the quality of the roughage may 
be exceedingly low, the factors discussed above are of considerable im- 
portance and it is essential to adopt a system which will allow for the 
difference in net energies of roughage and concentrates. Moreover, the 
shortage of concentrates at economic prices demands that an efficient 
system should be adopted. The TDN system does not satisfy these 
requirements and it is therefore necessary to adopt the SE system until 
there has been sufficient progress to replace it by a system based on more 
sound scientific principles. The results of the experiment reported here 
tend to support this contention, in that the SE, values are in closer agree- 
ment with the animals’ requirements than the TDN values. 

The fact that SE, values agreed with requirements more closely 
than SE, values, or rather that the fibre correction of the roughage used 
in the latter is too high, is not necessarily an indication that Zebu cattle 
are more efficient in utilizing energy of roughage. There are at least 
three factors which would contribute in this connexion: y low level 
of milk production, (5) ambient temperature, and (c) level of feed intake. 
The nutritive requirements of animals at the present level of production 
have not been given much specific study, but there are numerous reports 
[29] that the energy required for production, when expressed per unit 
of milk, increases as the level of milk yield increases. Blaxter et al. [30] 
and Graham et al. [31] studied the effect of ambient temperature on 
energy metabolism with sheep. Their findings show that there is a 
‘critical’ temperature at which the heat produced by the animal is 
minimal. With the lowest level of feeding this temperature was 39—40° C. 
and decreased at higher feeding levels. re ae iy the metabolizable 
energy of the food increased with increasing environmental temperature. 
Environmental temperatures were not recorded during the course of 
the present experiment, but during the corresponding period in 1959 
records show that the temperatures in the building ranged from 30-40° C. 
Since the level of feed intake relative to body size was also low it seems 
likely that a fortuitous combination of conditions favoured the apparent 
efficiency with which the energy was utilized. However, it does appear 
that, before Kellner’s SE system can be adopted, it will be necessary to 
reduce the correction factors for crude fibre. 

An important limiting factor in attempts to increase production with 
higher levels of feeding is the ability of the animals to consume the extra 
bulk required. In the present experiment the palatability of the silage 
probably contributed in this respect. More recent trials by the author 
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with grass and hay (unpublished results) have shown that dry-matter 
intake increases from 1 to 2 per cent. of live weight with increasing 
palatability of the roughage ration. Feeding concentrates depresses the 
dry-matter intake of a palatable roughage. The feeding of silage in the 

resent experiment produced the reverse result, viz. increased roughage 
intake with increased level of concentrate feeding. It is therefore unlikely 
that the maximum dry-matter intake was reached. Nevertheless, the 
comparatively low levels of dry-matter intake are characteristic of cattle 
under tropical conditions. In India Lander found similar results and 
considered that the animals had become conditioned to lower levels of 
dry-matter intake and that their energy requirements were lower. 
According to Morrison’s recommendations an 800-lb. cow yielding 20 lb. 
milk should consume 20 lb. dry matter. This level of consumption has 
rarely been found in India and has certainly not been recorded in 
Nigeria. Apart from the physiological difficulties in metabolizing a 
large bulk of material in a high ambient temperature the animals are 
anatomically unsuited for high intakes. Hill [6] has described tropical 
breeds of cattle as ‘respiratory’ types, there being a relatively greater 
development of the thoracic region. In temperate regions the abdominal 
region is more fully developed leading to larger capacity in the rumen 
and greater appetite. 

In considering the low milk yields and the apparent failure of the 
animals to respond when the level of SE per unit of milk is increased, it 
should be realized that the previous plane of nutrition may have appreci- 
able influence. Blaxter [32] found that milk yields decrease linearly on 
feeding 2-3 Ib. SE per 1o Ib. milk or less. With higher levels of feeding 
during the first 3 months yields increase and then decrease curvilinearly. 
Labouche [3] found that milk yields of Zebu cattle decrease Saancly 
from the —— of lactation without the initial rise during the first 
3 months which is characteristic of lactation curves with cattle on an 
adequate plane of nutrition. A similar linear decrease was obtained by 
D. R. Williams (unpublished results) with cattle at Shika. It would 
therefore appear that in any effort to increase milk production attention 
should be given to the possibility of raising yields at the beginning of 
lactation. 

Unlike the results of energy intake the proteini ntake exceeds require- 
ments. At this stage it can only be food sare that the protein content 
of the concentrate ration was slightly in excess, which is supported by 
the somewhat narrow nutritive ratios. It should also be noted that 
the digestibility of the protein in the concentrate ration tended to de- 
crease with higher proportions of concentrates fed. This result, though 
statistically not significant, is in agreement with the contention that 
protein was fed in excess. However, further studies are needed on the 
effect of feeding different protein levels in a ration of fixed energy con- 
tent before any assessment of protein requirements can be obtained. 

The present experiment represents a useful preliminary approach in 
obtaining a measure of the energy requirements for milk production. 
The results show that maintenance and production requirements laid 
down by authorities elsewhere are adequate or even slightly excessive. 
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With this knowledge, and the data that are being accumulated on the 
nutritive value of roughages and concentrates available in the country, 
it is hoped to devise a system of cattle feeding which can be applied 

hen there is a chronic deficiency of nutrients 


during the dry season w 
in the pasture. 
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THIRTY LONG-TERM FERTILIZER EXPERIMENTS UNDER 
CONTINUOUS CROPPING IN GHANA 


II. SOIL STUDIES IN RELATION TO THE EFFECTS OF 
FERTILIZERS AND MANURES ON CROP YIELDS 


R. K. DJOKOTO anv D. STEPHENS! 
(Department of Agriculture, Ghana) 


Summary 


The value of soil analyses in explaining or predicting crop responses to fertilizers 
and manures has been rather variable. Previously the C/N ratio of a soil has been 
found to be a good indicator of its nitrogen status, but in these experiments it was 
not so. On the other hand, the level of acid-soluble-+-adsorbed phosphorus in 
the soil was significantly correlated with superphosphate effects, whereas in 
some other experiments in Ghana it has had no predictive value. However, as a 
measure of potassium deficiency, the Ca/K ratio appears to be more reliable. 

Soil analyses have shown up the residual effects of treatments. Most of these 
effects would have been expected, although their magnitude might not have been 
forecast, but the apparent decrease in exchangeable potassium associated with 
superphosphate applications is perhaps unexpected. Interesting too is the localiza- 
tion of nearly all the extractable phosphorus in the o—6-in. layer of soil, and of 
such a high proportion of added potassium in exchangeable form in the top 12 
inches. 

Although the effects of continuous cropping on the soil analysis have not 
been clearly shown, the very rough figures given indicate a general lowering 
of fertility, which was usually most rapid in the more fertile soils of the forest 
zone, but pH seems to have fallen faster in the poorly buffered soils of the northern 
savannah. Humus disappeared at an average rate of about 2 per cent. of the 
soil humus content per year of cropping. 


Part I of this paper [1] deals with the crop yields, and the responses 
to fertilizers and manures, in these experiments. It also a in- 
formation about the design of the experiments, the soil profiles, and the 
previous agricultural history of the land at the various sites where the 
experiments were conducted. 


Methods 


Two composite soil samples were taken from o-6- and 6—12-in. depths 
on most of the sites before the trials started, one sample from the sixteen 
even-numbered and the other from the sixteen odd-numbered plots. 
Later, individual plots of most of the trials were separately sampled to 
the same depths. a 1948-9 determinations carried out on the original 
samples [2] were pH colorimetrically [3]; acid-soluble-+adsorbed phos- 
phorus [4]; organic carbon by the Walkley-Black method [3], assuming 
77 per cent. extraction; and nitrogen by the Kjeldahl method [3]. The 
later samples were also analysed for exchangeable cations and exchange 
capacity, using neutral ammonium acetate leachate [3] and flame 
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photometer; no allowance was made for interference effects of phos- 
E, &c., on the calcium determination, but they are unlikely to have 
n large. All samples were air-dried and sieved through a 2-mm. 
screen before analysis. 
There was unfortunately a period between 1950 and 1954 when very 
little laboratory work was possible, and there was not the desired amount 


of continuity to warrant strict comparison between the older and later 
determinations. 


Soil Analyses and Treatment Effects 


Soil was sampled from individual plots of each trial between 1953 and 
1957- It was thought that the mean effect of a fertilizer treatment in an 
experiment might be related to the analyses of soil from the plots which 
had not had that treatment. Many sock correlations have been tested, 
using figures for the o-6-in. soil horizon, and the following were found 
to be significant. 

Mean percentage response of cereals to muriate of potash is positively 
correlated with the ratio of the mean m.e. exchangeable calcium to that 
of potassium in the ‘non-K’ plots. Correlation coefficient = 0-616, with 
24 3 a he freedom. Regression equation: percentage response = 
0-38 (Ca/K)—4. 

Mean percentage response of cereals to single superphosphate is 
negatively correlated with the mean acid-soluble +-adsorbed phosphorus 
(in p.p.m.) in the ‘non-P’ plots. Correlation coefficient = —o-425, 
with freedom. equation: percentage response 
= —5°6 (P)+48. 

de percentage response of groundnuts to single superphosphate is 
similarly correlated with soil phosphorus. Correlation coefficient = 
—0o'402, with 24 degrees of freedom. Regression equation: percentage 
response = —3°4 (P)+24. 

The following correlations were also significant (for the o—6-in. soil 
horizon): 

Mean yield of yams is positively correlated with mean percentage of 
organic carbon. Ccmoalaties coefficient = 0-81, with é degrees of free- 
dom. Regression equation: yield in lb. = 41,572 (%C)—6,024. 

Mean yield of groundnuts is negatively correlated with the mean pH. 
Correlation coefficient = —o-48, with 24 degrees of freedom. Regression 
equation: yield in lb. = —2g1 (pH)+2,370. ' 

Mean exchange capacity in m.e. per cent. is positively correlated with 
mean organic carbon per cent. Correlation coefficient = 0-978, with 
24 degrees of freedom. Regression equation: exch. capacity = 6:3 

%C)—o'9. 
capacity (for the 6-12 in. soil horizon) is significantly 
correlated with the mean organic carbon per cent. Correlation co- 
efficient = +0-807, with 21 degrees of freedom. Regression equation: 
exch. capacity = 6-3 (%C)+2:0. 

The ranges of values over which these correlations have been tested 
are indicated by the mean analyses for site types (normally each analysis 
being the mean of two trials, i.e. 64-plot determinations) which are 
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quoted in Table 1. It will be seen that those stations at which significant 
responses to potassium have been found had Ca/K & 18, with Aiyinasi 
as the exception, whilst Wenchi had the very high value of 69 in the 
o-6-in. layer. Ejura had a Ca/K ratio of 19, which suggests that it was 
on the verge of potassium deficiency. From the phosphorus regression 

uations all soils with less than 7-9 p.p.m. acid-soluble +adsorbed 
phosphorus should respond to superphosphate, and it can be seen from 
the table that the mean values for sites are all below this level. 

The connexion between yam yields and organic carbon content of the 
soil agrees well with normal farming practice, which is to plant yams only 
as the very first crop after resting the land. There are subsidiary signifi- 
cant correlations of yam yields with C/N ratio and exchangeable calcium, 
but these probably merely reflect the dependence on organic matter. 

It is difficult to believe that the relation between groundnut yields and 
pH is a real one; it is more probable that, over the narrow range of pH 
covered, the sandy soils of the north, where groundnuts are usually 
cultivated and grow best, happen to be slightly more acid than the 
heavier soils of the forest and southern savannah where they are a less 
important crop. 

he equations relating exchange capacity to organic carbon show how 
com letely the former, in the top soil, depends on the latter, and lead 
to the estimate that the exchange capacity of the organic matter itself 
is about 320 m.e. per 100 gm., a high figure compared with other 
estimates ts 

No significant correlation existed between C/N ratios and responses 
to ammonium sulphate, although earlier work by Nye [2] has shown that 
soils recently opened from savannah natural fallow were very short of 
nitrogen and were characterized by high C/N ratios. Table 1 shows, 
however, that the forest sites which did not respond to nitrogen had C/N 
ratios less than 12 in the o-6- and 6~—12-in. layers, whereas Wenchi and 
Ejura which had particularly large responses had ratios greater than 14. 

amale and Nyankpala sandstone sites seem to have had wry or ad 
low C/N ratios: they also had the lowest values for Ca/K and Mg/ 


The Effect of Continued Applications of Treatments on the Soil 


Table 2 sets out the mean effects on the soil in each zone, and gives 
in the two bottom lines the mean effect of one standard application 
averaged over all sites. 


Ammonium Sulphate 


This treatment lowered the pH and base status of the soil, particularly 
at Damongo and Mampong. ff it is assumed that 1 ft.-acre of sandy soil 
weighs 4x10° Ib., the mean amount of exchangeable potassium+ 
calcium lost in the top 1 ft. at all sites is equivalent to about half the 
ammonium sulphate applied, whilst at Mampong the cations apparently 
lost are over twice the chemical equivalent of the ammonium sulphate 
applied. Except at Wenchi and Ejura the ration of calcium lost to potas- 
sium lost seems to be greater than the Ca/K ratio of the soil, and from 
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Tables 1 and 2 in Part I [1] it will be seen that crop yields responded 
markedly and positively to the interaction between potassium and 
ammonium sulphate only at Wenchi and to a much less extent at Ejura. 
It appears, therefore, that the continued use of ammonium sulphate 
tended to promote a shortage of divalent cations rather than potassium 
at most of the centres, but that at Wenchi and perhaps Ejura the reverse 
be true. 

n all zones except those represented by Mampong and Damongo, 
ammonium sulphate applications have increased the Kjeldahl nitrogen 
value: in the forest this increase in the top 1 ft. of soil is as high as three- 
et a of the total nitrogen added in the fertilizers. At Mampong and 

amongo it appears that the ammonium sulphate has actually seabienk 
a net loss of nitrogen. 


Single Superphosphate 

This strikingly increased the acid-soluble+adsorbed phosphorus in 
the soil, especially in the northern half of the country. if it is assumed 
that each year a fraction x of phosphorus extractable by the analytical 
bat remains extractable in the following year while the remaining 

raction (1—x) is converted to non-extractable forms, or leached below 
the top 12 inches, then the mean effect of 1 cwt. superphosphate per acre 
averaged over all sites indicates that x = o-50. If it is further assumed 
that the acid-soluble +adsorbed phosphorus measured in the laboratory 
is in fact the phosphorus poner 8 to the crop (this assumption is, of 
course, not strictly correct, but may be a rough approximation) then 
the residual effect of superphosphate one year after its application may 
be taken to be about 50 per cent. of its direct effect. This confirms re- 
sults of other experiments [6] in which large residual effects of super- 
phosphate on crops have been obtained, especially in the north of 
Ghana. It is noteworthy too that nearly all the applied phosphorus was 
held in the top 6 in., that in the 6—12-in. layer being only about one-fifth 
the amount in the o-6-in. layer. 

It is interesting to carry the above type of analysis a stage further. Let 
us assume as a simple model for “om nt changes in each of the two 
6-in. soil layers for which we have figures that, for every unit of ex- 
tractable phosphorus which remains in the layer from previous years 
or has been added to the layer during the past year (i.e. by application 
of superphosphate to the o—6-in. layer oa by leaching from above to 
the 6—12-in. Seer), a fraction x remains in the layer as extractable next 
year and a fraction y moves down during the year to the lower layer 
of soil; while the remainder (1—x—y) is fixed in a non-extractable form 
or is removed by the crop during the year. Then after m years we have: 
excess extractable phosphorus in the o-6-in. layer on plots receiving 
superphosphate treatment 

a=n—1 
= > (if t, = constant 2), 


where t, = phosphorus treatment in year a. Similarly excess extractable 
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phosphorus in the 6—12-in. layer 


a=n—1 
=F" 


(if t, = constant 2). 
a=0 


From the figures for extractable phosphorus in the o—6-in. and 6—12-in. 
layers, and knowing the dates and quantities of superphosphate added, 
it is easy to evaluate x and y and hence to calculate the percentages of 
superphosphate which, one year afterwards, are (i) extractable in the 
o-6-in. layer; (ii) non-extractable in the o-6-in. layer or removed by the 
crop from that layer; (iii) extractable in the 6—12-in. layer; (iv) non- 
extractable in the 6—12-in. layer or removed by the crop from that layer; 
(v) leached below 12 inches. 


TaBLe 3. Model Distribution of Superphosphate Phosphorus One Year 
After Application to the Surface Soil 


Phosphorus as %, of Total Applied 
In o-6-in. layer In 6-12-in. layer 


Non- Non- 
extract- extract- 
able, or able, or 
Extract- | removed | Extract- removed 
Station able by crop able by crop 


Aiyinasi . 42 48 
Kwadaso (Granite) . 27 66 
Kwadaso (Phyllite) . 67 
Mampong 

Wenchi 

Ejura 

Tamale . : 
Nyankpala (Sandstone) 
Nyankpala (Shale) 
Damongo . 3 
Babile 

Tono 

Zuarungu . 

Manga 


pp. 


NUNONOPPHOONNS 


n.a. = not available. 


Cultivations over the years have certainly resulted in some mixing 
between the two layers and this would make the estimate of y too large. 
On the other hand, the value of x for the sub-soil may be expected to .* 
lower than that for the o—6-in. layer, so that the assumption that they are 
equal should result in an underestimate of y. The two approximations 
should therefore cancel each other to some extent. 

Table 3 gives the results of the calculations for each station. It shows 
what a very small fraction of phosphorus appears to have been leached 
below 12 inches and what a very large proportion remained in the top 
6 inches; only at Ejura, Zuarungu, and perhaps Babile would more than 
one-quarter of the fertilizer phosphorus have sunk below 6 inches. It will 
also be noted that the forest sites and Wenchi fixed more phosphorus in 
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non-extractable forms than did the savannah sites farther north. Babile 
once again is an enigma; no trace of added phosphorus was found in the 
soil, and although crop responses were large, not more than a quarter of 
it (ie. about 5 Ib. P,O, per acre) could have been removed by the in- 
creased yields, leaving over three-quarters which according to the soil 
analyses has a mse. | been ‘fixed’ by soil particles or micro-organisms, 
or leached wee 12 inches. Babile had a shallow top soil of gritty sand 
which contained much iron and manganese oxide concretions overlying 
an ironstone pan, nevertheless the disappearance of extractable adsorbed 
+acid-soluble fertilizer phosphorus is puzzling. 

In the north superphosphate seems to have increased the soil content 
of organic carbon, perhaps a result of the bigger bulk of vegetation grown 
on treated plots, but in the southern half of the country this is not so. 
More consistent has been its apparent action in decreasing the exchange- 
able potassium in the top oe in which it seems about one and a half 
times as effective as an equal weight of ammonium sulphate. Oddly 
enough, however, omen has not significantly affected soil 
calcium, but this is probably because of the relatively low amounts in- 
volved and the approximate nature of the calcium determination. The 
potassium figures suggest that regular application of superphosphate 
may promote potassium deficiency and it is possible that oo 
ety interactions between superphosphate and potassium shown in 

ables 1 and 2 of Part I [1] are partly due to the artificially intensified 
potassium deficiency on the superphosphate plots. However, if this 
were a very serious effect the cassava crops would be expected to show 
such a PK response; but they do not. 


Muriate of Potash 


The only significant effect on the soil was to raise the level of ex- 
changeable potassium by a surprisingly large amount. The result of 
calculations similar to those described for superphosphate show that the 
mean residual effect of muriate of potash one year after its application 
was approximately 60 per cent. its direct effect, and its apparent dis- 
tribution in the soil profile was as given in Table 4. It will be seen that 
potassium was fixed’ less and moved down the profile more than did 

hosphorus, but that at Wenchi none of the added potassium could be 
aan in the exchangeable form after cropping, and at Babile no 
potassium seemed to have moved down into the 6—12-in. layer. 

Comparison of the effects of the different fertilizers on potassium 
levels shows that the muriate of potash counteracted the potassium loss 
occasioned by four to six times its weight of ammonium sulphate or 


superphosphate. 
Lime 


The soil pH and exchangeable calcium were increased in all zones by 
lime. With regard to the effect of pH, 100 lb. of lime would apparently 
neutralize about 120 Ib. of ammonium sulphate; this is close to the 
theoretical value [7]. If the lime was pure quick lime then an average of 
nearly half of its total calcium was retained in exchangeable form in the 
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top foot of soil, even though the first applications had been made eight 
— ago; it seems therefore to have been leached below 12 inches only 
slowly. 


Treatment Interactions 


The only interaction which was significant an appreciable number of 
times was that between ammonium sulphate and lime. NL was signifi- 
cantly positive in the Ashanti Voltaian savannah, and at Mampong for 
pH, organic carbon, nitrogen, and exchangeable calcium. The effects 
on pH and calcium were to be expected, since lime and ammonium 


TABLE 4. Model Distribution of Muriate of Potash Potassium One Year 
After Application to the Surface Soil 


Potassium as % of total applied 
In o-6-in. layer In 6-12-in. layer 


Non- Non- 
exchange- exchange- 
able or able or 
Exchange- | removed by | Exchange- | removed by 

Station able crop able crop 


Aiyinasi 55 5 22 2 
Kwadaso (Granite) . 45 22 15 7 
Kwadaso (Phyllite) . 53 —6 28 
Mampong : : 62 I 23 
Wenchi_. ° ? ° 
Ejura 38 49 5 
Tamale. 15 n.a. n.a. 
Nyankpala (Sandstone) 63 n.a. n.a. 
Nyankpala (Shale) : 70 13 12 
Damongo . 61 13 16 
Babile ‘ 18 82 ° 
Tono 52 21 14 
Zuarungu . 58 20 13 
Manga. 54 31 3 


sulphate change their soil status in opposite directions; the effects on 
organic matter suggest an increase in soil fertility, but only at Mampong 
was there a corresponding significant interaction in crop yield (Table 1 
of Part I [1]); the increase in nitrogen at Mampong indicates that the 
net loss of nitrogen resulting from ammonium sulphate alone (see 
above) did not occur when lime was also added. 


Mulch 


Mulching has increased both the organic carbon and nitrogen in the 
soil, and except at the north Voltaian savannah short-rest and far north 
sites it seems to have tended to narrow the C/N ratio; it is therefore not 
surprising that crop yields have shown little sign of nitrogen shortage 
under mulch. The effect on the organic matter status of the soil has been 
rather small, for 1 ton of grass mulch has provided only from 5 to 200 lb. 
soil organic matter in the top 12 inches when averaged over all the years of 
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the trials, the larger values occurring in the drier zones of the north. 

The figures in Table 2 also indicate that the increase in the 6—12-in. 

— was quite considerable, being about half that in the o—6-in. 
yer. 

Mulching has also sometimes significantly increased the soil exchange 
ot sae presumably as a result of the organic matter added, although the 
ratio of the two increments is sometimes far removed from the estimated 
value of 6-3, and it has had very significant effects on the exchangeable 
potassium. However, once again the large quantities of mulch added 
over the years have not brought about correspondingly large changes in 
the top soil, so that 1 ton of mulch, which would probably contain about 
10-30 Ib. K,O, has added less than 5 Ib. exchangeable K,O to the 
reserves in the top 12 inches of soil and is about as effective in this 
respect as 20 lb. muriate of potash. However, the mulch has probably 
supplied more potassium to the lower layers of the soil profile, for the 
increase in the 6—12-in. layer is as much as two-thirds that in the to 
6 inches of soil. Furthermore, since 5 tons of mulch, as compared with 
only 60 lb. muriate of potash, were normally applied to crops, the mulch 
treatment would nevertheless supply nearly twice as much exchangeable 
ange in the top 12 inches as the fertilizer, and this probably goes 
ar to account for the large mulch responses on the potassium-deficient 
soils, particularly with cassava. 

Mulching has not significantly affected either the pH or the extract- 
able phosphorus of the soil. It is concluded, therefore, that the frequent 
if scattered) significant interactions—LM found in crop yields (see 

ables 1 and 2 of Part I [1]) are due to the action of mulch in counter- 
acting the harmful effects of soil acidity and not to its suppling alkali; and 
the interactions—PM are due to non-extractable forms of phosphorus 
supplied or made available by mulch, or to an improved soil moisture 
régime leading to better use of soil reserves of extractable phosphorus. 

inally, the relatively large changes brought about in the 6—12-in. 
layer suggest that rain acceptance and leaching have been increased by 
mulch. 


Kraal Manure 


Table 2 shows that kraal manure has brought about a general im- 
provement in the nutrient status of the soil; the only analytical figures 
which show no significant change are those for calcium and exchange 
capacity, and these are two of the least accurate determinations. Manure 
has increased the soil nutrient status more and the organic matter less 
than an equal weight of mulch, and has concentrated its organic matter 
increases in the o—6-in. layer to a greater extent than has mulch. Its 
effects on the phosphorus and potassium levels in the soil indicate that 
1 ton of manure contained nutrients equivalent to about 20 lb. single 
superphosphate and 4o lb. muriate of potash, i.e. that it contained 
about 0-15 per cent. P,O;+1-o per cent. K,O. These figures are quite 
reasonable, and imply that not much phosphorus was held in organic 
form. They also show that the large effects of manure on crop yields 
cannot be wholly accounted for by the P and K contents, and although 
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a further part of the cereal responses may have been due to its nitrogen, 
and all crops might benefit from the higher pH produced, it seems very 
likely that an appreciable fraction of its efficacy was due to the additional 
soil organic matter provided. , 


The Effect of Continuous Cropping without Fertilizers 


An indication of the effects of continuous cropping of the soil can 
be obtained by comparing analyses of soil samples collected at the start 
of the experiment with those of later samples. A good comparison is 
not possible for the following reasons: 


(a) Only two composite samples were originally taken to represent a 
whole trial and in many cases one or both samples were lost later. 

(6) The original and later samples were analysed . different people 
in different laboratories, so that differences between the deter- 
minations may be due, at least in part, to these conditions. 

(c) Later determinations on the original samples may possibly record 
as changes due to cropping what are really differences resulting 
from about seven years’ storage. 


Some idea of the effect of storage on the old samples can be obtained 
by comparing original and later analyses of the same sample. Such a 
comparison shows that there was no regular and significant difference 
between the values for phosphorus, carbon, nitrogen, and exchange 
capacity: individual differences were often quite large, but seem to be 
due to different laboratory techniques rather than to changes in the soil 
samples. For pH, however, the later determinations regularly give lower 
values, the mean difference of twenty-eight pairs of comparisons being 
0-34. It is possible that this is due to a systematic difference in technique, 
but perhaps it may have resulted from the soil becoming more acid on 
storage, at a rate of about 0-05 of a pH unit per year of storage. 

It is concluded from the above that comparing the later determinations 
of old samples with those of later samples may give a reasonably valid 
indication of the effects of continuous cropping on the acid-soluble + 
adsorbed phosphorus, organic carbon, nitrogen, and exchangeable 
cations in the soil. For soil pH, however, the original determinations 
should be considered as well. 

Table 5 shows the apparent effects of continuous cropping in the 
different zones. There appears to have been a general loss of nutrients 
and organic matter from the o-6-in. horizon, whilst the 6—12-in. layer 
sometimes showed small gains; the latter effect was probably mainly due 
to the mixing of the layers of soil which sanaiel during ridging and 
other cultivations. 

The fall in pH was considerable, one year’s cropping apparently in- 
creasing soil acidity as much as 1 cwt. of ammonium sulphate per acre. 
It was also much greater in the lighter northern granite soils than in the 
heavier forest soils, which is surprising because the former had already 
been under continuous cropping (with occasional dressings of manure) 
for many years before the trials started, whereas the latter had been 
under forest fallow and might therefore be expected to change the more 
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| 10.0— Z.0+ go.0— | O1.0— z.e— 69.0—| +S.o— 
| 10.0+ 1.0+ go0.0+ 6.0+ 1Z.0+ 
| to.o— ° Lo.o— . + gz-o—| ‘eu 
8:0+- | Lo.o— 6.0+ oz.0+ 6.0+ So.0+] S$1.0— 
1.0+ L.o— S1.0— 0.z— Sz.o—| S£.0— 
6.0+ | 10.0+ 1.2+ £0.0— ¥.1— €S.0+] €z.0+ 
| 90.0— £.0— 6£.0— 60.0—| zb.o— 
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rapidly under continuous cropping. Presumably the explanation lies 
in the buffering action of the organic matter in the forest soils. 

The loss of adsorbed+ acid-soluble phosphorus was, however, par- 
ticularly great in the richer forest soils, and the average loss over all sites 
would seem to require about 100 lb. single superphosphate per acre each 
year to keep the phosphorus level constant. 


TABLE 6. Annual Losses of Organic Carbon and Nitrogen from the Soil, 
expressed as Percentages of Original Values, which result from Continuous 


Cropping 


Losses in o—-6-in. layer only | Losses in whole top 12 in. 
Station Organic carbon | Nitrogen | Organic carbon | Nitrogen 
Mampong ° 
Ejura 2°6 (a) Gain of (a) 


Nyankpala (Sandstone) . n.a. n.a. 
Nyankpala (Shale) . n.a. n.a. 
Damongo : 3°1 (a) (a) 
Babile . n.a. n.a. 
Tono . : 4°7 


Zuarungu. 2°5 (a) n.a. 
Manga i ° 4°2 


Mean of all sites 1°6 


(a) These figures are based on one trial site only. All other figures are based on 
two sites. 


The most fundamental change occurring under continuous tye, | 
is probably the destruction of soil organic matter. Nye [8] has state 
that in Ghana less than 4 eee cent. of the humus in forest soils is de- 


composed with each year of cropping. Table 6 gives the corresponding 
rates found in these experiments for both organic carbon and nitrogen, 
first assuming that the whole loss in the o—6-in. layer was due to decom- 
position; and secondly taking all the top 12 inches into account. The 
rates for organic nitrogen are generally rather less than for carbon in 
the forest zone, but are greater on the northern granite sites which had 
previously been manured. The average loss of organic nitrogen from 
one year’s cropping was 0-012 parts per thousand parts of soil in the top 
12 inches, which would liberate 48 lb. of inorganic or mineralized nitrogen 
per acre (equivalent to 2 cwt. ammonium sulphate per acre); but more 
was so liberated in the richer forest soils than in the north, the figures 
for Kwadaso phyllite sites being nearly 200 lb. mineralized nitrogen per 
acre per year and for Manga not quite 30 lb. This is sufficient explana- 
tion for the different responses to ammonium sulphate obtained in 
trials at these two stations [8]. 

The potassium figures are suspect because this element more than any 
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other would be subject to interconversion between exchangeable and 
non-exchangeable forms during storage of the soil samples. Although 
most sites have lost potassium from the top soil, and the loss per year 
averages about 10 lb. K,O per acre per year, the forest soils which 
develop potassium deficiencies under cropping seem to have lost less 
than the northern granite soils which have shown no sign of such a 
shortage. The accuracy of the laboratory determinations of calcnan and 
exchange capacity was too low for much attention to be paid to the 
apparent effects of continuous cropping on them; the loss in exchange 
capacity was, however, much less than expected from the drop in organic 
matter content. 

Acknowledgements. Mr. P. H. Nye started most of the trials, laid down 
the lines on which they were continued, gave most valuable advice in 
later years, and has made many helpful criticisms of this paper. Many 
members of the Division of Agriculture in Ghana, senior and junior, 
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Feld, in the laboratory, and in the office; it is they who did the important 
work. The statistical treatment profited by the kindly criticism of Mr. 
A. J. Vernon, and Dr. O. W. Snow has been responsible for some im- 
provements in the presentation of the results. 
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THE EFFECTS OF PLANTING DISTANCE ON PRODUCTION 
IN LOVEGRASS PASTURES 


J. H. LEIGH! 


(Frankenwald Field Research Station, 
University of the Witwatersrand, Johannesburg) 


Summary 


An experiment to investigate the effect of planting distance on a perennial 
bunch grass, Eragrostis curvula (Ermelo variety), was carried out during the 1958-9 
and 1959-60 seasons. Transplants of the three-year old stools were planted 


gin., 14, 3, 44, and 6 ft. apart in plots split for three fertilizer levels in late Sep- 
tember 1958. 


Yields of dry matter, nitrogen, phosphate, and potash measured at the end of 
the first season increased with closer planting. The percentage of nitrogen, 
phosphate, and potash in the herbage generally decreased with closer planting. 

In spring of the following season the highest yields of dry matter, nitrogen, 
phosphate, and potash were recorded in those plots in which the plants were 


spaced 3 feet apart. Nitrogen, phosphate, and potash content decreased with 
closer spacing. 


Certain observations of the effect of planting distance on flowering are also 

discussed. 
AGRICULTURAL yield is measured in terms of weight of ae per unit of 
land, and is partly dependent upon plant population and leaf area per 

lant. The term leaf area index (L.A. -) “i proposed by Watson [1] 
or the measurement of leaf area per unit area of land surface. In addition 
to leaf area, the net assimilation rate (N.A.R.), defined by Williams [2] 
as the rate of increase in the dry weight of a plant per unit of active 
rowing material, which may be considered as an vad as of the internal 
actor for growth, must be considered. 

Watson [3] has indicated that there ae to be little opportunity 
of increasing yield through an increase of N.A.R., and therefore improve- 
ment in yield must be sought mainly through control of leaf area. The 
extent to which dry matter can be increased in this manner depends on 
whether the N.A.R. is affected by increase in L.A.I. If L.A.I. is in- 
creased indefinitely, N.A.R. could be expected at some stage to decrease 
through a reduction in the average light intensity at the leaf surface, 
caused by natural shading of the leaves, and possibly through a decrease 
in carbon dioxide concentration of the atmosphere. 

It has been shown that nutrition has a greater influence on leaf area 
than on N.A.R., and the beneficial effects of fertilizer applications are 
therefore to be ascribed mainly to increase in L.A.I. Further, it is 
probable that most agricultural practices designed to increase yield have 
the same physiological basis [3]. 

The obvious method of increasing L.A.I. by increasing the plant 
density is not always possible, for L.A.I. may then be limited by nutrient 
supply and may not be greatly affected except in the early stages of 
growth. This factor, rather chon a decrease of N.A.R. affecting an 


1 Now at The Grassland Research Institute, Hurley, Berks., England. 
{Empire Journ. of Exper. Agric., Vol. 29, No. 115, 1961.] 


Lig 
: 
. 
i 
j 


260 J. H. LEIGH 


increase in L.A.I., is probably the reason why yield tends to become 
independent of plant numbers as the population is increased [3]. 

In order to study the effects of planting distance on yield, chemical 
composition, and production, in pastures of Eragrostis curvula, an 
experiment was planted in September 1958. £. curvula is a long-lived 
perennial bunch grass widely used for leys in South Africa, especially 
on the sandy soils of the Transvaal Highveld. The vegetative shoots 
multiply rapidly and continuously throughout the growing season, and 
under hen 201s i conditions several hundred closely packed shoots form 
on the crown in the first year. 


Materials and Methods 


Transplants of three-year-old stools of E. curvula (Ermelo variety) 
were planted from 22 to 26 September 1958, at various distances apart, 
on well-prepared land. They were established 9 in., 14, 3, 44, and 6 ft. 
apart (between and within rows), in plots 36 ft. square. ‘These plots were 
each split into three sub-plots receiving (a) no fertilizer, (b) P,N, fertilizer 
mixture, and (c) P,N, fertilizer mixture, where P was equivalent to 400 lb. 
superphosphate and N was equivalent to 500 lb. ammonium sulphate 
per morgen’ per annum. Each treatment was replicated in four ran- 
domized blocks. The plots were kept free of weeds and any transplants 
which did not become established were replaced. 

After discarding strips between adjoining plots, a 3-foot-wide swathe 
was cut through each subplot for estimation of herbage production. 
Two cuts were made, one at the end of the first season on 1 June 1959, 
and the second in the spring on 15 September 1959. Samples were 
taken for chemical analysis. 

Observations of habit, time of flowering and seeding, winter dor- 
mancy, and earliness of spring growth, were made. 


Results 
The yields obtained from plots cut on 1 June 1959 are presented in 
Table 1. The effect of fertilizers was small, being less than 25 per cent. 


TasLe 1. Herbage Production (in lb. per morgen) at Different Planting 
Distances, cut on 1 Fune 1959 


Fertilizer treatment 
Planting 
distance Oo Mean 
9 in. 18,707 | 22,841 | 22,324 | 21,291 
$3... 16,246 | 16,286 | 18,308 | 16,947 
3 ft. 11,661 | 11,765 | 11,595 | 11,673 
4},, 9,516 | 11,556 | 11,231 | 10,768 
a 7,650 8,812 | 10,384 8,949 
Minimum 
Sign. Diff. 
P = 0°05 3.224 | 2,948 | 4,200] 2,484 


' morgen = 2°19 acres. 
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increase over the controls. Production, expressed as air-dried herbage, 
decreased with increasing planting distance, from a mean yield per 
morgen of 21,000 lb. with g-in. to 9,000 Ib. with 6-ft. spacing. 

Herbage yields were again determined on 15 September 1959 and are 
given in Table 2. At this time the fertilizer dressings for the 1959-60 


Tas_e 2. Herbage Production (in lb. per morgen) at Different Planting 
Distances, cut on 15 September 1959, after previous cutting on 1 Fune 


Fertilizer treatment 
Planting 
distance Oo P.N, 


616 504 320 
1,064 | 1,337 | 1,232 
2,204 1,981 1,582 

982 917 769 

564 656 471 


588 577° 705 


TABLE 3. Chemical Composition of Herbage harvested on 1 June 1959 
(mean of fertilizer treatments; as °%, of dry matter) 


Planting Crude 
distance N P.O; K,O fibre 


in. 0°68 0°24 0°88 
3 ft. 0°77 1°03 37°9 
44, 0°80 O'17 1°07 
0°20 1:08 37°5 


season had not been applied. Slight reductions in yield were generally 
found with the heavy as compared with light fertilizer treatments, and 
between the latter and the no-fertilizer treatments. ‘This may have been 
due to a shortage of water resulting from the surface localization of roots 
with the fertilizer treatments, as reported by Haynes [4]; or from 
decreased root production resulting from nitrogen fertilizer treatment, 
as found by Sprague and Sullivan [5]; or from the greater degree of 


shading caused by the increased leaf growth with the fertilizer treat- 
ments, with a resulting decrease in root production, as reported by 
Blackman and Wilson (6). The highest yields were obtained from the 
te in which the plants were spaced 3 feet apart and in decreasing order 
rom the other spacings at 18 in., 4} ft., 6 ft., and g in. At the time these 
ap were cut, spring growth in broadcast stands had not yet begun. 
n general, growth a few weeks earlier in spaced, as compared with 
broadcast stands, has been frequently observed in nursery-planted rows 
on the research station. 
Chemical analyses of herbage harvested on 1 June 1959 are presented 
in Table 3. The potash percentage was lower for the closer-spaced 
3088.3 


Mean 
9 in. 480 
18 ,, 1,211 
he As 
3 ft. 1,922 
44, 889 
6 ” 564 
= 
Minimum 
Sign. Diff., 
ae 
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plants; there appeared to be a trend toward lower nitrogen and high 
crude fibre content in the g in. spaced plants; no clear trends in phos- 
phate were evident. Analyses of herbage harvested on 15 September 
1959 are presented in Table 4. There was a general trend toward pro- 

essively lower values with closer spacing, with especially low values 
or the g-in.-spaced plants. 


TaBLe 4. Chemical Composition of Herbage harvested on 15 September 
1959; af previous cutting on 1 Fune (mean of fertilizer treatments; as 
°%, of dry matter) 


Planting Crude 
distance N P.O; K,O fibre 
9 in. 1°35 0°32 
38 1°66 0°39 1°36 32°6 
3 ft. 1°74 0°42 1°53 33°8 
44,, 1°88 0°45 1°66 33°5 
0°44 1°72 32°2 


TABLE ij Yields of Nitrogen, Phosphate, and Potash (in lb. per morgen) 
from Herbage harvested on 1 Fune 1959 (mean of fertilizer treatments) 


Planting 

distance N P.O; K,O 
9 in. 143°2 50°5 185°3 
3 ft. 89°9 29°2 120°1 
86°3 18°3 115°3 
6. 65°4 17°9 96°8 


TaBLe 6. Nitrogen, Phospate, and Potash (in lb. per morgen) from Herbage 
harvested on 15 September 1959, after previous cutting on 1 Fune (mean of 
fertilizer treatments) 


Planting 

distance N P.O, K,O 
9 in. 6°5 I°5 48 
20°1 47 16°5 
3 ft. 33°4 8-1 29°4 
16°7 40 14°8 
6,, 10°8 2°5 9°7 


Yields of nitrogen, phosphate, and potash, from plots harvested on 
1 June 1959 are given in Table 5. All yields increased with closer 
spacing. In Table 6 the yields from herbage harvested on 15 September 
1959 are presented. Lianne un lants yielded over five times 


as much nitrogen, phosphate, and potash as g-inch-spaced plants and 
three times as much as 6-foot-spaced plants. 
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Planting distance markedly affected the flowering of Eragrostis plants. 
The numbers of flowering culms per plant were 30 to 40 per cent. 
higher, culms were 1 to 2 feet shorter, and flowering occurred three to 
four weeks earlier, in the g-inch-spaced plants as compared with the 
wider-spaced plants. 


Conclusions 


It would appear that herbage and nutrient production in Eragrostis 
curvula is very largely influenced by the planting distance. 

When the growth over a whole season was considered, the highest 
yields were obtained from the closest planting, but spring shooting was 
earlier and growth most rapid in the more widely spaced plants. At the 
time of harvesting the spring growth in mid-September, the plants in 
the 6-foot-spaced plots were one to 2 feet high, whereas in the g-inch- 
spaced plots and in areas where this grass had been broadcast, the plants 
were still dormant. In controlled-environment studies [7] it has clearly 
been demonstrated that soil temperature is the most important factor 
affecting winter dormancy and spring shooting. It is probable that in 
the wider-spaced plots, heat is absorbed by the bare spaces between the 
plants. This conclusion is supported by the fact that in large stools 
growth proceeded more rapidly on the north-east side. 

Nitrogen, i = and potash content was also influenced by 
planting distance, higher percentages of these constituents being usually 
associated with wider elena. In the case of spring growth these 
differences and the larger herbage yields with wider planting served to 
magnify the differences between spacing treatments. ‘This earlier spring 
production with wider planting is particularly important in the sour 
veld areas of the Union of South Africa, where sufficient cattle grazing 
during this period is not available. 

Although no estimates of actual seed weight were made, the fact that 
the number of flowering culms per plant and per plot was highest in the 
more closely spaced plants may be of importance for commercial seed 
production. These findings appear to be a contradiction of those re- 
eueaeg by Crider [8] who found that because Eragrostis plants form 

eavy clumps with a proportionally large capacity for food storage, 
which apparently is needed for normal seed-culm development, they 
usually produced larger yields and better-quality seed from row planting 
at comparatively low seeding rates. 
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BEHAVIOUR OF CERTAIN VARIETIES OF LOVEGRASS 
WHEN GROWN AS SPACED PLANTS AND IN 
BROADCAST STANDS 


J. H. LEIGH! 


(Frankenwald Field Research Station, 
University of the Witwatersrand, Johannesburg) 


Summary 


It has been found that for practical purposes the numerous varieties belonging to 
thespecies Eragrostis curvula can be grouped into types for which the names curvula, 
robusta blue, robusta green, robusta intermediate, and chloromelas are proposed. 

A comparison between assessments of eight varieties, representative of four of 
the five types, when grown as spaced plants and in broadcast stands, was made. 

It is concluded that valid assessments of the relative potentialities of these 
grasses in broadcast stands cannot be made from the study of spaced plants. 


Tue large number of selections which need to be tested in a programme 
involving the improvement of any species of grass, and the small amount 
of material which is usually available for propagation, be it seed or 
vegetative clones, often necessitates making initial selection of plants 
from spaced plantings in nursery rows. This procedure is followed, 
although it is recognized that to be of value for forage purposes such 
selections must ultimately perform satisfactorily when broadcast. 

The value of assessments made on data from spaced plantings is 
controversial. Stapledon and Davies (1), in conducting experiments to 
test yield and other properties of various species and varieties of herbage 
plants under different methods of management, found a remarkably 
close agreement between the original trend of data collected on single 
plants and row plantings of varieties of twenty-two species of grasses and 
clover, and their performance in broadcast field-plots. However, in an 
experiment with eight orchard grass varieties, carried out by Weiss and 
Mukerji [2], it was found that plants from broadcast seeding gave more 
accurate evaluation than 3- or 1-ft. drill rows, or in alternate rows with 
lucerne. Further, in a study by Milton [3] of herbage yields of varieties 
of timothy, perennial ryegrass, and orchard grass, over a three-year period, 
the broadcasting gave higher yields than 2-ft. drill rows. The yield 
increase for the three species was not the same, but yields from varieties 
within species maintained their relative positions. 

Work carried out by Ahlgren et al. [4] in estimating yields of fifty-four 
selections of Kentucky bluegrass, grown in spaced plantings and broad- 
cast, revealed considerable differences in behaviour with respect to 
yield and disease resistance. They concluded that growth and appearance 
of spaced plants of blue grass could not be used to predict closely the 
wee sn of the same progenies in mass seeding. 


' Now at The Grassland Research Institute, Hurley, Berks., England. 
{Empire Journ. of Exper. Agric., Vol. 29, No. 115, 1961.] 
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With a view to ascertaining how closely data obtained from spaced 
plants and from broadcast stands of Eragrostis curvula (Schrad.) Nees 
could be correlated, the experiment here reported was set out. 

E. curvula is a long-lived perennial bunch grass widely used for leys 
in South Africa, especially on the sandy soils of the Transvaal Highveld. 
This species is comprised of a number of characteristic types or forms, 
into which most varieties can be grouped. Data from four of these 
types were considered. 


Methods 


Ten plants of each of the following varieties were removed on 29 Decem- 
ber 1958 from land where they had been planted broadcast on 3 February 
1958. The varieties included were: 


Robusta intermediate 
*Eragrostis robusta No. 104 Grootfontein variety. 


Robusta blue 


*E. curvula sp. No. 13 Schagan variety. 
*E. robusta No. go Cullinan variety. 


Chloromelas 
*E. chloromelas No. 88 
*E. chloromelas No. 79. 


*E. chloromelas No. 134 Frankenwald variety. 
E. curvula No. 81. 


Curvula 


*E. curvula No.12 Rietvlei variety. 
*E. curvula No. 91 Basutoland variety. 
E. curvula. 


The grasses were planted 3 ft. apart in a Latin-square arrangement, 
with ten replicates. The land used had not previously received fertilizers. 
Air-dried herbage yields were determined on three occasions, once 
during the 19 58-9 season and twice during the 1959-60 season. ‘Two cuts 
were analysed for nitrogen, phosphate, and potash. 

Prior to this, eight of these varieties (indicated above with an asterisk) 
had been grown from broadcast seedings on adjacent land in April 
1956. These plots were cut and the grass air-dried and weighed on six 
occasions during the 1956~7 and 1957-8 seasons. Five of these cuts 
were analysed for — and phosphate, and three for potash. 

A comparison of the data obtained with the different planting methods 
is made in order to determine the value of assessments based on results 
from spaced planting. It should, however, be emphasized that the data 
for the two planting methods were taken in different seasons, and from 
different numbers of cuts. 


Results 


Air-dried herbage yields of the eight varieties, from both planting 
methods, are presented in Table 1. With both planting methods, chloro- 
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TABLE 1. A comparison between Air-dried Herbage Yields (lb. per morgen') 
from Broadcast Stands and from Spaced Plants 


Type and variety 


Broadcast stands 


Spaced plants 


Total yield from 


No. | five cuts, 1956-8 


Total yield from 
three cuts, 1958-9 


Robusta intermediate 
Robusta blue 
Mean 


Chloromelas 


Mean 
Curvula 


” 


Mean 


104 11,800 
10,900 

9,900 
10,400 


9,400 
9,300 
9,600 


9,430 
11,400 


13,600 
12,500 


11,300 


13,500 
13,200 
13,350 


4,500 
4,500 
5,500 
4,830 

12,400 


9,500 
10,950 


1 One morgen = 2} acres. 


TABLE 2. A Comparison between Yields of Nitrogen, Phosphate, and Potash 
(lb. per morgen) in Air-dried Herbage from Broadcast Stands and Spaced 


Plantings 


Type and variety 


Broadcast stands 


Spaced plants 


Total yield 
from five 
cuts, 1956-8 


Total yield 
from three 
cuts, 1957-8 


Total yield from 
two cuts, 1958-60 


P.O; 


N | P,O; 


Robusta intermediate 


Robusta blue 


” ” 
Mean 


Chloromelas 


Mean 
Curvula 


” 


Mean 


33 


31 
26 
28 


26 
25° 
25 
25 
30 
35 
33 


110 23 


136 26 
117 25 
126°5| 25 
32 
34 
36 
34 
88 


74 
81 


* One of the five values making up this total was assumed. 


melas was the lowest yielding. However, when the yields of the other 
types were compared under both methods of planting the order of 
productivity in terms of air-dried herbage was different. Under spaced 
planting the robusta blue type gave the highest yield, while under broad- 
cast conditions the curvula type was the highest. Under broadcast con- 
ditions the difference in yield between highest- and lowest-yielding 
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bg was about one-quarter of the former, whereas with spaced planting 
e difference was about two-thirds. 

Analyses of the nitrogen, phosphate, and potash contents of the four 
types showed the same relative trends with both planting methods. 

itrogen, phosphate, and potash yields in herbage from both methods 

of planting are presented in Table 2. With spaced planting the high- 
est yields of nutrients were obtained from the robusta blue type and 
the lowest from the chloromelas type. In broadcast stands, however, the 
curvula and robusta intermediate types were higher-yielding than the 
robusta blue and chloromelas types. The difference in yield of nutrients 
between the highest- and lowest-producing types was approximately 
one-quarter of the former under broadcast conditions, and two-thirds 
under spaced planting. 


Conclusions 


The results of the comparisons made with eight varieties of Eragrostis 
curvula indicate that the yields, either of hay or nutrients, obtained from 
evaluations made with spaced planting did not reflect the relative poten- 
tialities of these grasses when grown under broadcast conditions. The 
results from the single-spaced plantings were undoubtedly affected by 
the wide spacing used and it is possible that the smaller types might have 
yielded more with closer planting, and were unable to make optimum 
use of the space available to them in this experiment. 
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THE PRODUCTIVITY OF TROPICAL SEMI-ARID 
THORN-SCRUB COUNTRY UNDER INTENSIVE 
MANAGEMENT 


H. C. PEREIRA anp P. H. HOSEGOOD 
(East African Agriculture and Forestry Research Organization, Muguga, Kenya) 
AND 
D. B. THOMAS 
(Kenya Department of Agriculture) 
WITH PLATES 10, II 


Summary 


This paper reports a quantitative study of the methods of improvement of severely 
eroded grazing land in a semi-arid scrub-infested area of the Ukamba African 
Land Unit, Kenya. Trials of stock-carrying capacity and liveweight yield were 
followed by arable cropping to assess residual levels of soil fertility. 

Soil structure conditions showed low water-infiltration rates on heavily grazed 
and trampled leys. Although somewhat improved by breaking of pastures, in- 
filtration remained poor under arable conditions also. Construction and main- 
tenance of contour ditches and dams are therefore essential in this area. 

Carrying capacities over seven years varied from 1} to 4 acres per 550 lb. beast. 
Cenchrus ciliaris pastures were consistently better than Cynodon dactylon, Chloris 
gayana, and Panicum coloratum var. Makarikariensis. Cenchrus ciliaris is indigenous 
locally and proved to be palatable and extremely drought resistant. Sowing of 
this grass on abandoned arable should be strongly encouraged. 

Protection and management of natural grass cover (veld) gave pastures as good as 
the leys obtained by tilling and sowing or planting selected grasses, but took two 
years longer. Annual closing of paddocks for haymaking gave useful yields of 1 ton 
per acre in two good years, } ton per acre in one year, and no hay at all for the re- 
maining two years. Fertilizers significantly increased hay yields by 60 per cent. but 
among the grazing yields only the star grass (Cynodon dactylon) paddocks showed 
significant increases. 

Yields of 50 to 72 lb. of beef per acre per year were obtained under intensive 
paddocking, with hay feeding in dry weather, but higher gross cash returns were 
obtained from crops of sorghum, maize, and beans. 

A practical stocking rate of 4 acres per beast could be maintained on rotational 
grazing supplemented by the storage and feeding of hay. 


Description of Terrain and Problems 


‘Tus study arose from the need for data on which to plan improved land 
use on African holdings in Kenya. While all technical advisers agreed 
that the district was overstocked and unskilfully managed, neither stock- 
carrying capacity nor crop yields under good management were known. 
The necessity for expensive reclamation measures, such as ploughing or 
deep ripping, and the use of manures and fertilizers, were matters of 
debate, as were the advantages of sowing or planting of improved grass 
species. An area of about 150 acres of the Ukamba Land Unit, 16 miles 
south-east of Machakos, was therefore lent by a group of Wakamba 
owners to the Kenya Government in 1948 to permit experiments in 
restoration methods. 

Trapnell [1] described the ecological climax as transitional between 
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high-level Acacia savanna and dry Combretum thorn-bush savanna: few 
traces of the latter remain. The climax grasses, which reappeared slowly 
after many years of protection, are Hyparrhenia dissoluta (ruprechtii), 
Themeda triandra, and Panicum maximum. Off-contour cultivation 
followed by over-grazing had reduced this land to sparse secondary 
Acacia vegetation including Acacia nilotica sub sp. subalata, A. hockii, 
and A. seyal. Beneath this the heavily gullied pill ontlons had been re- 
duced by trampling of cattle, sheep, and goats to a very hard bare crust. 
A wide range of grass species remained, however, in the less accessible 
corners of banks and gullies. Traces remained of terraces built by the 
Department of Agriculture twenty years earlier, but ignored by the 
cultivators and destroyed by erosion. An aerial photograph of the area 
is reproduced as Fig. 1 (Plate 10). The soil is a dark-red sandy friable 
clay or latosol derived in situ from the Archean basement complex of 
gneisses and schists [2]. The altitude is 4,900 feet above sea-level (lat. 
1° 40’ S., long. 37° 40’ E.): the annual rainfall during the nine years of 
the experiment averaged 26 in. with a range from 10 to 53 in. There are 
two distinct rain seasons: the ‘April Rains’ of March, April, and May 
and the ‘November Rains’ of November and December. ‘Grazing years’ 
from 1 November to 30 October were found more appropriate than 
calendar years for this study. 


Experimental Objectives and Methods 
Phase I. Study of the Methods of Establishment of Improved Pastures 

The area was fenced and protected by grazing guards. The thorn- 
scrub was hand-cleared and thirty-two 1-acre plots, set out on the contour, 
were grouped in four blocks as a 25 factorial trial of intensive establish- 
ment treatments, including scarifying v. ploughing, ridging v. flat, and 
a small dressing of cattle manure v. none, two sown grasses and two 
planted grasses. All plots were split, along the contour, for a deep- 
ripping treatment. A full report of the results of the first three years 
together with a summary of practical experience of the carrying capacity 
of a nearby ranch has been published [3], and includes a photograph of the 
initial condition of the area. 

The main conclusions were that successive intensities of arable treat- 
ment, scarifying, ploughing, ridging, and manuring all served to acceler- 
ate development of planted grass covers, but that deep-ripping dried out 
the soil and retarded grass establishment. In a drought year of ro in. 
total rainfall, sown grasses failed but planted star grass (Cynodon dacty- 
lon) survived usefully. Over the rest di the 150 acres, complete protection 
by fences controlled by grazing guards resulted in steady improvement 
of cover by natural veld grasses. In 1951, the third year of the experi- 
ment, an exceptional cainfall total of 53 in. permitted these newly estab- 
lished leys to carry one 500-lb. Zebu bullock per acre for six months. 


Phase II. Assessment of the Stock-carrying Capacity of the Natural Veld 
and of Four Types of Ley 
Completion of the establishment phase resulted in relatively uniform 
1-acre paddocks of four types of ley. For further comparison with the 
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Fic. 1. Typical appearance in 1948 of this overgrazed and eroded area; the experimental 
enclosure of 150 acres is outlined by the square. 
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stock-carrying capacity of the natural veld a series of eight additional 
I-acre enclosures were made giving a total of forty 1-acre enclosures, split 
by wire fences into eighty }-acre grazing paddocks. Half-acre paddocks 
were used since the assessment was to be made for small peasant holdings 
rather than for ranching. 

In 1952, on the protected area of uncultivated natural veld, the prin- 
cipal pioneer grasses were Aristida adscensionis, Digitaria scalarum, 
Bothriochloa pertusa, Rhynchelytrum repens, and Latipes senegalensis. 

At this stage the experiment was temporarily deprived of staff by the 
Kenya Emergency, and only a simple standard grazing routine was pos- 
sible. Each type of pasture was equally and heavily stocked at one beast 

er acre, by rotating five separate groups, each of eight adult s500-lb. 

ebu bullocks, around the eighty paddocks. Although the total rainfall 
was 22 in., with a four-month drought from June to September, the year 
began with high soil moisture storage, and this heavy stocking rate was 
carried successfully for twelve months. 


Fertilizers 


Doubts as to the fertility of the eroded soil were tested by addition of 
fertilizers. Facilities were insufficient for a detailed fertilizer trial, but the 
forty 1-acre paddocks were split for an annual dressing of 24 cwt. per 
acre (I cwt. ammonium sulphate, 1 cwt. ‘double’ superphosphate, } cwt. 
muriate of potash). 


Haymaking 

A weakness of the several file reports extant in 1952, on stocking rates 
in the Ukamba Land Unit, was emphasized by a lack of sufficient 
factual information even for the planning of experimental treatments in- 
volving the carrying of cattle all the year round. Possibilities of conserv- 
ing the lush growth of grass during the rains, as hay for dry-season 
feeding, were therefore studied by closing forty of the paddocks in April 
and May, mowing in June and grazing the aftermath. The hay yields 
were recorded and the hay was fed to the beasts in open pens during 
the dry season after grazing had been finished on all plots. Details of 
this hay feeding are discussed later in this paper. 


Design of Grazing Experiment 
The experimental design was thus four replications, in randomized 


blocks of a 5 x 2 factorial with each 1-acre area split into two paddocks for 
fertilizer applications. 


Grasses Haymaking 


Natural Veld (1) All Year Rotational Grazing 
. Rhodes Grass Chloris gayana H. Closed two months, mown, and then 
. African Foxtail Grass Cenchrus ciliaris grazed in rotation as growth per- 
. Star Grass Cynodon dactylon mitted for ten months. 
. Makarikari Grass Panicum coloratum 
var. Makarikariensis 
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Provision of Cattle 


The experimental paddocks offered an impressive contrast to the over- 
grazed surrounding country, and the Wakamba plot owners readil 
offered beasts from which five uniform groups each of fifteen adult 
bullocks were selected. The cattle were grazed together on the remaining 
110 acres of the protected enclosure for one month in order to reduce 
inequalities of condition. 


Grazing Control 


The stocking rate was deliberately set higher than the estimated 
carrying capacity in order to eat all available forage, and avoid the 
necessity to measure excess keep. Groups of fifteen beasts were allotted 
to each type of grass in 1953 and were grazed in each paddock until 
the available forage was consumed. A Mkamba herdboy remained 
all day with each group; a uniform but rather severe standard of grazing 
was achieved. Each group of cattle was moved around its set of sixteen 
paddocks in a beet irk order dictated by the grass development. They 
were moved to other grazing when all grass in the experimental paddocks 
was consumed. 

Weighbridge facilities were not available in 1953 and 1954; throughout 
the experiment grazing was assessed as beast-days per acre. Hours spent 
in each paddock were recorded, and the totals, divided by ten, are 
reported as grazing days per acre. 

Grazing of the eighty paddocks was continued in this way throughout 
the grazing years 1953 and 1954. Both point-quadrat assessments of 
ground cover and detailed eye-estimates of. the botanical composition of 
the herbage were then made in all paddocks. 


Dry-weather Feeding 


When grazing on all plots had finished in each dry season, the beasts 
were moved into open pens and were fed from racks (Fig. 2, Plate 11). 
In each year the ration of dry hay was increased by 1 Ib. per day until 
no more was eaten; 11 Ib. in 1953, 12 lb. in 1954, and 15 lb. in 1955 
were found to be the maximum rations consumed without waste. 
Improving — of hay probably accounted for this increasing con- 
sumption. Beasts were watered once daily at noon from a nearby dam 
throughout the experiment. Fig. 3 (p. pean illustrates the part played by 
hay feeding in all-year-round maintenance. 


Assessment of Residual Fertility after Breaking the Pastures 


Forty of the experimental paddocks, i.e. two of the replicate blocks, 
were sleaghed up in September 1955, and sown to a succession of food 
crops in the next three rain seasons. Beans alone and mixed crops of 
maize and beans or sorghum and beans were planted both with and with- 
out additional phosphate fertilizer. 


Conclusion of the Grazing Trial 


Grazing, to a new schedule, was continued on the remaining forty 
paddocks for the grazing-years 1955, 1956, and 1957 in order to study 
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the persistence of the introduced grasses in comparison with the veld. 
A uniform group of five beasts was allotted to each of the remaining 
two 10-acre blocks of twenty paddocks, which were grazed in rotation 
in the order in which they appeared to be ready. Weighbridge facilities 
became available in 1955 by courtesy of the Kenya Veterinary Depart- 
ment, and were employed to follow the weight changes of individual 
beasts (Table 5, see p. 281). Grazing yields continued, however, to be 
assessed by beast-days. 

The forty grazed plots were studied again for botanical composition 
during the 1957 growing season. Grazing ceased in August 1957; the hay 
cut in May 1957 was then fed and the experiment concluded in October. 
All plots were ploughed and reseeded, in October 1957, with a mixture of 
Cenchrus ciliaris, Chloris gayana, and Eragrostis superba. ‘The land was 
then returned to the owners. 


Results 
Stock-carrying Capacity 
Table 1 summarizes the total keep, both as grazing and as daily hay 

rations, provided by each type of pasture, for the he years 1953 to 
1957. Records and statistical analyses were maintained in 10-hour 
beast-days per acre per year; the annual means are also expressed as 
acres per beast per year. The stocking rate in 1953 was too high and 
led to severe trampling of pasture in both dry seasons. Subsequent 
grazing was more closely supervised. The last two years were tests of 
persistence of species under a grazing régime which, although severe, 
was far in advance of management levels prevailing through the Ukamba 
Land Unit. None of the species produced a closed sward under fairly 
severe grazing in these semi-arid conditions. The best pastures pro- 
duced a closed canopy, which protected the soil surface before grazing, 
but revealed much bare soil when grazed down. Thus after all dry grass 
had been eaten off in July 1954, a ‘point-quadrat’ survey of ten random 
samplings in each of the eighty paddocks with a 10-point ‘comb’ of 
steel pins one foot apart gave the following percentage ground cover. 

Veld Rhodes 33°2 

Cenchrus 41-0 Makarikari 

Star 37°5 


The extreme values are just significantly different at the P = 0-05 level 
after analysis by angular transformation. 

The following notes on the performance of the experimental pastures 
- —-* by the results of detailed botanical inspections set out in 

able 2. 

The Cenchrus ciliaris pastures gave the highest yields both with and 
without fertilizers. ‘The collection of seedheads from the local country- 
side had assembled a striking range of types varying from soft, leafy, and 
palatable to clumps of woody stems from which cattle merely licked 
the leaves. Unfortunately the more palatable types disappeared under 
heavy grazing and by the end of five years only the tough-stemmed types 
remained. The cattle continued to graze them, and Cenchrus still gave 
the highest carrying capacity in the fifth year. Occasional attacks of 
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bese were observed, but these did not seriously affect grazing 
ields. 
. The drought resistance of this grass is surprising; in 1954 after sixteen 
weeks of drought only the Cenchrus paddocks and the clumps of volun- 
teer Cenchrus in the other paddocks were green, while all other grasses 
were dry and brown. Root studies by Brzostowski [4] in a similar soil 
e and rainfall at Kongwa, Tanganyika, have demonstrated the excep- 
tionally vigorous 10-ft.-deep root system of this grass. 

The small admixture of y Seca superba in the original sowings per- 
sisted remarkably well, as a result of its prolific seeding habit, but pro- 
duced very little ‘bottom’ leaf. It was mainly useful for colonizing areas 
not occupied by the clump-forming Cenchrus. 


Rhodes Grass 


The Chloris gayana pastures were unexpectedly successful for the first 
three years after sowing [3]. At this stage the Rhodes grass completely 
dominated all competing species, giving excellent pasture until April 1953. 

In the severe drought from mid-May to mid-October 1953 all the 
Rhodes grass swards died out, leaving much exposed bare soil. Self- 
sown Rhodes grass formed a useful cover over less than half the soil 
surface in the 1954 rains, the remainder being bare or covered with 
Oxygonum sinuatum and other broadleaved weeds; the self-sown Rhodes 
persisted, and was reinforced by veld species which pioneered during 
1955 and 1956, as may be seen from the species analyses given in Table 2. 


Star Grass 


The Cynodon dactylon was clearly out of its optimum environmental 
range for both rainfall and soil fertility. Its persistence under drought 
was, however, valuable in the establishment phase, and it formed a 
soil-protecting open meshwork in which other valuable pioneer grasses 
became established. After five years the star grass occupied only about 
one-third of the soil surface over which it had been planted. The vigor- 
ous response to fertilizers (Table 2) emphasizes that the fertility status 
of the eroded soil was inadequate for this grass. 


Panicum maximum var. Makarikariensis 


This provided a useful carrying capacity and showed considerable 
drought resistance, but its extreme clump-forming habit resulted in a 
dangerous exposure of bare soil. Although both spreading and upright 
strains were present, the cattle grazed off the succulent shoots and left 
isolated clumps separated by deep tracks in bare soil. Serious accelera- 
tion of soil erosion occurred on slopes of less than 10 per cent. Haymaking 
was made impossible by this exaggerated clump habit. The clumps died 


slowly from the centre, and by 1957 this grass covered only 30 per cent. 
of the soil surface. 


Veld 


Although slow to establish a good cover, the volunteer mixture of indi- 
genous grasses became as productive as most of the cultivated paddocks. 
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Bothriochloa insculpta, Latipes senegalensis, Heteropogon contortus, and 
Rhynchelytrum repens were the first pioneer species; Cenchrus ciliaris, 
Themeda triandra, and Panicum maximum appeared later on most plots; 
in the final year Veld was second only to Cenchrus in productivity, 
appearance, and drought resistance. 


The Effects of Fertilizers on Carrying Capacity 


The overall effect of fertilizers was rather small (‘Table 3) Of the five 
pastures only star grass showed a substantial and statistically significant 


TABLE 3. Effect of Fertilizers on Carrying Capacity 
(Grazing yield in beast-days per acre) 
Mean of 1953-7 


Veld Rhodes Cenchrus Star Makarikanri 


Fertilizer ‘i 188 181 213 211 1g! 
No fertilizer . 140 139 166 129 143 
% Response . 34 30 28 64* 34 


* Least significant difference for fertilizer response = 61 beast-days at P = 0-05. 


increase, which accords with the well-known predilection of this species 
for fertile soils. The responses were variable, and although each of the 
remaining four pastures gave an increase of about 30 per cent. in the 


overall grazing yield, these did not reach the P = 0:05 level of signi- 
ficance. Soil moisture scarcity appears to be the critical limiting factor 
over most of the year, since the hay yields, grown in three brief seasons of 
good rainfall, showed large and significant responses to fertilizers. 


The Yields from Haymaking 


The first crop was very light since only six inches of effective rain 
were received in the ‘April Rains’. Better crops were obtained in 1954, 
but two successive failures of the ‘April Rains’ in 1955 and 1956 re- 
duced grass growth to below cutting-level. In 1957 a very heavy rainy 
season produced satisfactory crops of over 1 ton per acre. ‘Table 4 
summarizes the yields. It indicates both the urgent need to conserve 
surplus grass after good seasons, and the low reliability of expectation 
of a regular hay crop. 

The hay yields showed large and significant responses to fertilizers, 
the crop from star grass and veld being nearly doubled in both cases. 
The average response of all grasses was a 60 per cent. increase, significant 
at the P = o-o1 level. 

There is inevitably some spoilage and wastage of hay, complicated here 
by termite damage in the stack. "The comparison of keep per acre from 
continuously grazed paddocks with that from the hay plus grazing 
showed a serious loss of one-third of the total keep by cutting the poor 
1953 crop, which was counter-balanced by gains in total keep from the 
cutting of the heavy crop in 1957. The averages of keep obtained from 
both treatments over the five seasons were not significantly different. 
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Residual Effects from Establishment Treatments 


Residual effects of the contour ploughing, ridging, and dung applica- 
tion carried out in 1948 and 1949 were sought in the total — yields 
for the 1953-5 seasons. None of the effects reached statistical significance, 
but the apparent differences remained consistent with the results of the 
establishment phase already reported. 

Continuous Maintenance of Cattle 

The figures in Table 1 are a direct measure of grass grown and con- 

sumed at a stocking rate deliberately chosen to be too high, in order 


Hay and Grazing in Quarterly Totals from Natural Veld without Fertilizers 


Normal grazing 


[oe] Deferred grazing of 
surplus keep 


Hoy fed 
surplus hay 
ZZ) Surplus grazing 


> 
“ 


Keep available 
beasts per acre 
Reserve for 4958 


Rainfall, inches 
S as 


NDJ FMA MJJ ASO.NDJ FMA MJ ASO.NDJ FMA MJJ ASO NDJ FMA MJJ ASO ,.NDJ FMA MJJ ASO 
Fic. 3. The continuous maintenance of cattle on a fluctuating supply of grass. 
The keep available, when half the area was put up for two months annually for hay, 
was adequate to support one beast per 4 acres. Some hay and grazing would have been 
wasted at this stocking rate, but such a surplus is needed to cover losses in stack and 
other wastage. 


to leave no unmeasured surpluses. The conversion to average rates in 
acres per beast over a whole year involves important practical problems, 
which are illustrated by Fig. 3. The deterioration of grass left standin 

in the field depends on the rainfall and the temperatures experienced. 
The problem primarily concerns grass left standing for up to three 
months of dry weather, in which deterioration is slow. In wet weather 
loss of nutrient value can be rapid. Deferred grazing, shown in Fig. 3, 
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has therefore been estimated as having only one-half of the keep value 
of grazing taken as it becomes ready. 

ig. 3 shows that for the natural grass cover, on which no expenditure 
for cultivation, reseeding, or fertilizers had been made, a stocking rate of 
one beast per 4 acres could have been maintained over this five-year 
period by closing one-half of the area for two months annually for hay. 
Closing of a smaller proportion of the area for hay would not have im- 
peed the situation since the effective value of all of the hay taken in 
1954 was needed to supply the deficits of 1955 and 1956. 

nder normal peasant conditions crop residues would, in fact, be 
available to supplement hay feeding; to effect further increase in the 
carrying capacity of the land the necessity for silage-making is clearly 
indicated. 

The average weight of the beasts was about half that of the large 
Boran steers carried on commercial ranches, whose stocking rates of 10 
acres per beast are therefore comparable [5]; the yield of beef per acre 
was, however, substantially higher in these experiments. 


Liveweight Gains of Zebu Oxen 


With the ready co-operation of the landowners a uniform group of 
ten healthy steers of typical local small Zebu stock was aioe ta Tae 
1955, weighed, and divided into two equal lots. After 18 months the 
owners withdrew the animals for sale and a second batch was selected. 
The mean weights of the replicate sub-groups of five animals, which 
were allotted to each block of the experiment, are set out in Table 5. 
This illustrates the close agreement obtained and also the well-known 
characteristic of continued growth, in spite of loss in weight during the 
dry season, as shown by the subsequent very rapid weight increase when 
grass supplies improve in the following rains. Dry-season losses averaged 
0°6 lb. per day while the beasts were fed their maximum intake of ap- 
parently good-quality hay. 

The first group gained weight at the average rate of 50 lb. per acre per 
year over the ten months, or 0-3 Ib. liveweight gain per day. For the 
different pastures, as judged by grazing days, the gains per acre range 
from 35 to 59 Ib.. The second group gave a closely similar yield over the 
corresponding seasons, but were carried on for a longer period to gain an 
average of 72 lb. per acre per year. From the grazing day records this 
corresponds to a range of about 57 lb. per acre on the poorest pastures to 
85 lb. per acre per year on the best. These are very substantial yields, and 
show that this apparently eroded and ili-used land can be very productive 
when a grass cover is restored and intensively managed. Payne [5] has 
estimated liveweight gains by Zebu beef cattle on several leading 
ranches in the Kenya Highlands as from 25 to 35 lb. per acre per year, 
with average daily liveweight gains of 0-6 to 0-7 ib. per beast. ‘Thus the 
heavy stocking rates on this experiment, although reducing the live- 
weight gain per beast, have resulted in doubling the yield per acre. 
The uncertainty of hay yields, illustrated by Table 4, imposes a lower 
stocking limit on the larger enterprises as an essential precaution against 
drought. 
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TABLE 5. Mean Weights in lb. of Replicate Groups of Five Beasts 


June Aug. Nov. 7 Gain in | Gain in lb./ 
1955 I955 1955 IO months | acre per year 


No. of days from previous 

562 593 515 88 
. . - | 588 595 535 76 
Mean for 10 beasts ‘ 575 594 525 82 
Change of weight in Ib. 
perday . 


+04 |—o8 


No. of days from 
previous weigh- 
ing 

GroupC . 

Group D . 

Mean for 10 
beasts 


Change of weight 
in Ib. per day . 


Yields of Food-crops on the Ploughed-up Pastures 


The forty ploughed-out paddocks were sown uniformly with Canadian 
Wonder beans as a cleaning crop in November 1955. A fair crop for 
this district, averaging 485 lb. of beans per acre, was harvested. The 
results are summarized in Table 6. There was a highly significant 


TaBLe 6. Bean Yields after Breaking Five Pasture Types 
(lb. per acre) 


L.S.D. at 
Star | Rhodes |Cenchrus P= 0°05 


Residual fertilizer . 728 564 572 416 
No fertilizer . : 344 420 404 292 37 
Mean . ‘ ; 536 492 488 88 
% Response . F 14 112 34 41 42 


average response of 45 per cent. yield increase from residual effects of 
fertilizers mL to the pastures in the previous three years. The Veld 
lots gave the highest overall bean yield and the least response to residual 
ertilizers, while the Star grass plots showed a remarkable 112 per cent. 
increase from fertilizers. The plots which had carried Makarikari grass 


gave bean yields very substantially and significantly lower than those 
after all other pastures. 


5° 
| Gain in 
ee acre in 12 
months 
Se June Aug. Nov. June Aug. Nov. to to 
aa 1956 1956 1956 1957 1957 1957 | June | Nov. | 
sig 77 98 218 59 98 
586 594 559 732 757 698 
582 577 543 742 752 706 
= | | 586 | ssx_| 737_| 75s | 702 | 71 | 74 
Veld 
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There was no sign of effects or interactions from the hay-cutting 
treatments in the subsequent bean yields. 

In the following rains of April 1956 a maize crop, sown two to three 
weeks after the optimum date, failed completely; local Wakamba culti- 
vators had dry-sown their crops and canned low but useful yields. 

In October 1956 half of each paddock was sown with Muratha maize 
and half with Hegari sorghum. Both cereals were spaced 3 x 3 ft., and, 
in accordance with a popular local custom, were interplanted with 
Canadian Wonder beans at 1} x 3 ft. 


TaBLe 7. Effects of Residual Fertilizers on Subsequent Food Crops 
(Mean crop yields in lb. per acre) 


Residual S.E. of 
Residual Direct plus direct treatment 
No fertilizer | fertilizer fertilizer fertilizer mean (+) 
November rains 1956 
Maize . . 506 1,459} 962t 1,361} 92 
Sorghum . . 188 5441 416T 5741 47 
Beans(interplanted) . 98 159 230T 26 
April rains 1957 
Beans . 229 418f 531f 28 


Tt nee significantly different from those obtained without fertilizers at the 
P = 0-01 level. 

t Yields significantly different from those obtained without fertilizers at the 
P = 0-001 level. 


Experiments by the Department of Agriculture on adjacent land, 
carried out in 1955, had shown responses only to phosphates [6]. It is 
therefore probable that these residual effects of the fertiliser applications 
(see p. 271) to the pastures were due to their phosphate content. This was 
tested by using a fresh dressing of ‘double’ superphosphate at 1 cwt. per 
acre on half of the arable plots. ‘The former plot groupings for hay v. 
grazing contrasts were employed in order to obtain a factorial combina- 
tion of nil, residual fertilizer, added fertilizer, and both fertilizer appli- 
cations. 

In spite of the usual local crop-hazards being encountered (bird 
damage, stalk-borer, termites) the crop yields were up to average for the 
district; coefficients of variation were from 20 to 30 per cent., but 
highly significant yield differences were found. No further crop differ- 
ences were found as a result of types of pastures. Only the fertilizer 
effects, both residual from earlier applications to pastures, and direct 
from current phosphate dressings, were established. The final crop was 
beans, sown in April and harvested in July 1957, which gave similar 
results. Table 7 summarizes the yield results. 

The crops without fertilizer were disappointing, and showed that 
several years of grazed leys do not build up fertility in these soils; the 
yields of the 1956 crops were nearly doubled by a single application of 


As 
ale 
| 
ate 
j 
a 
3 
i 
: 
af 
| 


PRODUCTIVITY OF TROPICAL SEMI-ARID COUNTRY 283 


superphosphate, and nearly trebled by the residual effects of the three 
dressings given to the pastures in 1953, 1954, and 1955. 


~ Effects of the Experimental Pastures on the Physical Structure of the 
ot 


The drastic manner in which earlier overgrazing had denuded the soil 
surface is well illustrated by Plate I of the earlier paper [3]. Under the 
violent rainfall which characterizes this semi-arid country, the sealing of 
the exposed and trampled soil surface resulted in heavy runoff with 
severe sheet and gulley erosion. An important criterion of the success 
attending any rehabilitation measures must therefore be an improve- 


TaBLe 8. Soil Structure Changes under Grazed Leys: Infiltration Tests 


(Means of sixteen cores) 


1954 1956 
(In grass after four years of (In arable after three crop 
heavy grazing) seasons) 


Cenchrus Veld | Rhodes | Cenchrus Veld 


Percent acceptance of a 
storm of 1 in. in 10 mins. 24'9 28°5 39°3 32°7 
Rainfall acceptance rate in 
inches per hour . : : 1°49 1-71 2°36 1°96 2°07 
Percolation in inches per 
hour under }-in. static 
head . : 


2°7 12°5 9°8 
Veld > Rhodes at P = 0-05 No significant differences 


ment in the acceptance of rainfall by the surface soil. This was studied 
by laboratory tests using methods described in detail elsewhere [7, 8], on 
undisturbed 4-in.-diameter surface cores, taken from between grass 
clumps, on four paddocks each of the Veld, Rhodes, and Cenchrus pas- 
tures. The most critical test, that of applying severe artificial rainfall to 
surface soil cores held under constant drainage tension, was applied to 
cores taken in 1954, after four years of heavy rotational grazing. A 
similar sampling was carried out in late 1956, after breaking of the 
pastures, and tillage for three successive arable crops. Traces of the 
grass roots were still visible. Percolation rates under static head were also 
measured. Table 8 shows that the heavily grazed pastures had not 
achieved high rainfall acceptance rates, although both acceptance and 
percolation rates were substantially improved for a year after ploughing, 
due to the loosening of the trampled soil. The observed deterioration 
of the Rhodes grass sward and improvement of the Veld are reflected in 
the first test, but the differences did not persist after a year of arable 
cropping. The friable tilth after the first three crops gave very high 
percolation rates, but was not sufficiently stable to prevent surface 
sealing under the severe rainfall test of 6 mm. drops at 6 in. per hour. 

The freely drained pore-spaces, usually air-filled, which are the 
dominant characteristic of the physical ‘structure’ of soils, are probably 
filled and blocked by grass rootlets when a pasture is established. As 
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these rootlets die and are renewed, the pore-space is slowly increased 
but heavy trampling of grazing beasts neutralizes this benefit. When the 
pasture is ploughed, the hating action of the roots on soil aggregates 
causes a —_— initial increase in the freely drained pore-space between the 
crumbs. The magnitude of this change is illustrated by Table 9. 

The adverse effects of the trampling involved in heavy grazing thus 
appear to neutralize any beneficial effects of a grass cover on soil struc- 
ture and rainfall acceptance. Parallel observations on a similar soil 


TABLE 9. Soil Structure Changes under Grazed Leys: 
Freely Drained Pore-space 


Pore-space drained by 50 cm. water tension, as percent. total soil volume 


Protection only Rhodes sown Cenchrus sown 
1951 Uncultivated bare 1-year Rhodes grass | 1-year Cenchrus 
soil ley (grazed) grass ley (grazed) 
10°6 10°4 10°0 
1953 Veld, 2 years of 3 years of grazed | 3 years of grazed 


Cenchrus ley 


. I I 
1954 Veld, grazed 3 Rhodes grazed 4 Cenchrus grazed 4 
years years years 
10°! 11's 11°6 
After breaking in 1955 and three arable crops 
1956 16°7 | 16°7 17°7 


No significant differences between pastures in any year. 


type [8] and for Star grass pastures on a volcanic soil [9] were reported 
earlier. 

Fertilizer effects showed only slight trends towards improvement of 
structure, which did not reach statistical significance. 


Discussion 

In spite of many imperfections, both in design and execution, this 
study has achieved the original objectives of providing basic data on the 
productivity of this land under the ley-farming system which is the 
official policy of the Kenya Ministry of Agriculture. The rapid increase 
in farm-planning services has emphasized the need for such information. 

A valid criticism is that no formal system of deferred grazing was in- 
cluded, the sixteen paddocks of each pasture type being grazed according 
to their state of readiness; in this highly variable rainfall régime, such 
flexibility was essential in an exploratory trial covering many treatments. 
The resulting pasture use remained visibly better than that of the sur- 
rounding Ukamba Land Unit, and gave a high liveweight yield per acre. 
A possible further increase might be achieved by applying to the best 
pasture type a ‘four-camp’ or similar rotation involving systematic 
deferred grazing with complete annual rests. 
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A striking result is the discrepancy between the gross cash incomes per 
acre derived from crops and from well-managed stock. Although high 
by ranching standards, the income from the fret group of ten weighed 
beasts was only some Sh. 8) per acre per year, while that from the 
second group was about Sh. 60/- per acre per year. The crops were 
worth more than twice as much. This discrepancy may well be increased 
where excessive stock populations are kept for social reasons. Such 
excess stock is highly destructive of soil and water resources. 

When considering the maximum safe stocking rate for the area, two 
factors modify the high rate of one beast per 4 acres indicated by the 
experiment. The first is the proportion of the district which is taken up 
by steep slopes, deep gullies, and shallow soils. Over much of the area 
this low-value land may reach 20 per cent. The second is the absence of 
burning. All bush regeneration was very easily controlled by hand 
slashing or hoeing, and in a densely populated area such as this there is 
usually no grass left-to burn. There is, in any case, no excuse for con- 
suming large volumes of forage by fire in order to avoid this small amount 
of necessary hand labour. 

The making of silage may be found to have several advantages over 
haymaking in this area, both as a means to conserve the heavy seasonal 
flushes of grass, and to take advantage of observed high growth rates of 
maize stover. Silage techniques should, therefore, be included in future 
experimental studies in this area. 

he effects of fertilizers are clearly limited by drought. When applied 
either to arable or to hay crops, protected from defoliation and grown 
during the wettest months, substantial fertility responses were obtained. 

The failure to build up fertility under heavily grazed leys without 
application of fertilizers is in accord with findings af. other workers such 
as Theron [10]; for, as suggested by Table 7, crop yields appear to be 
limited by a severe shortage of phosphorus which leys by themselves 
cannot rectify. 

The low rates of infiltration of rainfall into heavily grazed pastures is 
also an effect to be borne in mind when planning farms in semi-arid 
country, since the value of the soil protection afforded by pasture usually 
leads to the assumption that it is efficient in absorbing water. 


Conclustons 


This eroded and overgrazed land need not be broken to improve 
pasture; fencing, bush clearing, and control of grazing produces equally 
good pastures but takes from one to two years longer than ley establish- 
ment. 

Where land had been broken for cropping it should not be allowed to 
tumble back to weeds after a cropping sequence. Scratch ploughing on 
the contour and sowing with Cenchrus ciliaris supplemented by a little 
Chloris gayana and Eragrostis superba will give substantial returns in 
grazing yield. Star grass is useful for erosion control rather than for 
yield unless the soil fertility can be raised by manure or fertilizers. 

The nutrient status of these eroded basement-complex soils is below 
optimum for pasture yields; conservation of top soil and the full use of 


he 
4 
7 
| 
: 
3 


286 H. C. PEREIRA, P. H. HOSEGOOD, AND D. B. THOMAS 


cattle manure are both important, while phosphates are necessary for 
good yields of hay or of food crops. 

Ha‘making should be undertaken in good years as an insurance 
against extreme gay but is not a reliable routine method of raising 

ing capacity in this erratic rainfall régime. 
e cattle-carrying capacity of both natural and resown pastures 

fluctuated widely with seasonal rainfall. One 550-lb. beast was carried 

rt 4 acres only by conserving hay, and stall feeding in the dry season. 
The feeding of crop residues, as is normal Wakamba practice, would 
render this a practical rate for the stocking of the grassland. The less- 
productive steep gullies cannot be included in this estimate. 
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